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iat cngs tl tonal ated Died Ween ga, Ogata, 
HIIS fecond Volume has more need of an Apology 
than a Preface, upon. many Accounts; firft upon 
Account of the Time, that it has been delayd, when it fl ould 
immediately have followd the Firft, which Delay was occa- 
frond by the Promife I made in my Firft Book to decide the 
Queftion about the Force of Bodies in Motion, which bas 
now been a Subjet of Difpute about 59 Years; the Gentle- 
men of Germany, Italy avd Holland mea/uring that Force 
by the Product of the Mafs into the Square of the Velocity 
of the Body; and rhofe of France and England mea/uring 
that Force by the Product of the Mafs into the fimple Ve- 
locity. 

TL could not quit my Conviftion in favour of the old Opi- 
nion, asit was fupported by Demonftration ; but yet could 
not find any want of Accuracy in feveral of the Experiments 
tL examind, which were made ta prove the new Opinion : 
neither could I find any Fallacy in the reafoning from thofe 
Experiments; tho I thought it muft be want of Penetration 
in me that I could not perceive it, /uppofing that both Opi- 
nions could not be true. At laff, as Iwas often blam'd for 
not publifbing my fecond Volume, I refolv'd to fatisfy my 

ubferibers, and to mention the prinipal Arguments and 
Experiments alledg’d for both Opinions; but my Friend 
Mr. Profeffor P. V. Mufchenbroek fending me word, that 
he begg’d I would poftpone publifing my fecond Volume till 
L had read Dr.’sGravefande’s aft Edition of Lae 
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P®Retiey Ge 
phy; I complied with his Defire, and examining every 


thing again with Care, found that the Philofophers on both 


Sides were right in the main; but only fo far wrong, as they 
attributed to their Adverfaries Opinions, which they bad 
not: and that the whole was only a Difpute about Words ; 
the contending Parties meaning different Things by the Word 
Force. If 1 have fucceeded in reconciling this Matter, 
the Profeffor Mufchenbroek deferves the Praife of it, by 
whofe Love of Impartiality I was prevaild upon to exa- 
mine all the Arguments anew. 


I hope this will fatisfy fuch as have thought my Delay 


— t00 long ; but fome of my Subfcribers may be difpleasd that 


I have not exattly complied with my Propofals given out be- 
fore the Publication of the firft Volume 5 till I let them 
know that it is owing to a great Majority of the Sub/cribers 
that I have alter’d my firft Defign, and made my Second 
Volume what it is now. As my curious Friends know, that 
I have made the Confideraticn of Water-Engines my Study 
for many Years; they defird that I would fully treat upon 
that Subject by Rules deducd from my Hydroftatical and 
Pneumatical LeGures, and give a Defcription of a fufficient 
number of Engines to make the Praétice of fo ufeful an Art 
eafy. Becaufe tho’ we have many Draughts of Machines, 
we have but fuperficial Defcriptions of them. And where 
we have fome Calculations, they are too abjftraited ; and 
we have no certain Rules to dire& us that we may not be 


impos d upon by ourfelves, nor fuffer mechanical Undertakers 


to impofe upon us. I have complied with this Defire, which 


has fwelld out the Volume of my Book fo as to leave no 


room for the Opticks, which I had formerly promisd to 


give; for the Book now contains above 100 Pages, or 12 


Sheets more than my firft Volume, and there are 22 large 
additional 


PREFACE 
additional Copper-Plates, (the Plates of this Volume being 
in all 4.6) which has fwelld the Book to as large a Bulk as 
can well be bound in one V olume. 

As the Treatife of Opticks, I defigwd to publifh, was 
only intended to be eafy and popular, I refer the Readers 
who are defirous of feeing the SubjeEt treated of in that 
manner, to the Book of Opticks publifbd by the Reverend 
and Learned Dr. Smith, Ma/fter of Trinity College ix 
Cambridge, where that Part which he call; Popular Op- 
ticks will give them Jull Satisfaction. . 

All that I have new in Opticks, as allo my explicit De- 
Jeription of making feveral of Sir aac Newton’s Experi- 
ments to make then ealy in the Execution; (becaufe feveral 
People have fail d in their Attempts, for want of fome cau- 
tionary Direttions) is to be met with in the Pbhilofophical 

| Lranfattions, Numbers 348, 360, 361, 374,406. And this 
L hope will plead my Excufe. But frill I muft apply farther 
tomy Subscribers, in defiring them not to think it too much to 
pay 18 Shillings for this Volume in Sheets, or one Guinea 
bound; the Expence which has brought it to this Bulk and 
Number of Plates, being the double of what was firft in- 
tended.  Befides, thofe that think it too dear, need not take 
it. But I hope at laff I have one Merit to plead ; which 
is, that I have put it out of the power of any Perfon to be 
impos d upon for the future, by thofe that pretend to great 
Performances in Water Works, by foewing the utmoft that 
can be done that way, as the Reader may find in that Part 
of my Book that treats of Engines. And it is this: No 
Man muft hope that with any Engine in the World, a Man 
foall raife more than one Hogfhead of Water ten Feet 
high ina Minute, with moderate W. ark, or fuch as be may: 
hala 
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hold all Day: nor an Horfe above one Hogfhead 50 Feet 
high in the fame time. | | . 

This is a very necefjary Caution ; for there are feveral 
Perfons who have Money, that are ready to fupply boafting 
Engineers with it, in hopes of great Keturns ; and efpe- 
cially if the Project has the Sanétion of an A& of Parlia- 
ment to fupport iz-—and then the Bubble becomes compleat; 
and ends in Ruin. 3 | 

About two Years ago a Man propos d an Engine, to raise 
by one Man's W ork about ten times more Water than was 
poffible to a certain Height in a certain Times for which 
he wanted an AB of Parliament, aid got a Report of 
the Committee, appointed to examine the Matter, ‘That he 
had made out the Allegation of his Petition. Jf ¢bis had 
pafsd, a great many Perfons were ready to fubjcribe conft- 
derable Sums to the Projet ; which Money. of courfe would — 
all have been loft, and perhaps fome, Families ruind; but a 
Nobleman, who tunderftands the Nature of Engines very 
well, knowing the Impo(fibility of what was propos d, threw 
out the Bill. | 7 oft 0: yay 

Our Legiflators may make Laws to govern us, repeal 
fome, and ena others, and we muft obey them, but they 


cannot alter the Laws of Nature, nor add or take away 


one wre from ibe Gravity of Bodies. 


AN 


Names of fuch Perfons, 
! eo ‘ah nee have encouraged this 
we <) RK 
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His Late Majefty King Georce the Firft, 
HIS PRESENT MAJESTY, 


HER LATE MAJESTY. 


[WV. B. The Susscrizers Names being moftly copied. from 
the firft Volume, in the Author’s Abfence from London ; 
tis to be hoped no Gentlemen, whofe Titles have been 
alter'd fince their firft Subfcription, will take it ill, that 
they are not alter’d here.] 
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LECTURE VI. 
Concerning the Congres of Bodies. 


I. PAWN HE Dodtrine of the Congref of Bodies, (or of the Ef¢@st ea. Vt 
arifing from the Stroke of Bodies that come againft each W-—+y——~J 


other in the fame, oppofite, or oblique DireGtions, and 


under various Circumftances) is fo extenfive *; that there is* Ann. 1. 


hardly any Machine (efpecially any compounded one) contriv’d for the 
Ufes of Life, to which it is’ not applicable : and feveral Philofophical 
Truths are alfo deduc’d from it. | 7 
Tost who are not much accuftom’d to apply Mathematical Theo- 
ries to the erecting and working of Engines, but rather conduct their 
Practice by what they have feen good in fome Machines, and fhunning 
the Errors that they have obferv’d in others, may find by reading fome 
of the Notes to this Lecture with attention, that making Experiments 
on pendulous Balls of different kinds ftriking again{t each other, is not 
matter of meer Curiofity ; but that from the Effe@s of fuch Shocks or 
Strokes carefully obferv’d, Rules may be drawn whereby they may con- 
trive fuch Machines 2 prior?, that they may always be fure of what the 
Effect of the Performance will be: whereas, without thefe Rules, Me- 
chanical Artifts only go on by guefs-work, sorte 
Vou. I, Be a 2. 


2 


«A Cour fe of Experimental Philofophy. > 


Leét. VI. 2, As all Bodies, in refpect of their ftriking againft each other, may be 
—yF_ confider'd as having Elafticity or having none, or as the Elafticity they 


Plate 1. 
Fig 1. 


have is more or lefs perfect; it will not be improper, before we come to 
confider this Subjeét particularly, to fay fomething concerning Elafticity. 


. Tu at Property which fome Bodies, whofe Figure (or the Pofition 
of whofe Parts) has been alter’d, have of reftoring themfelves, when the 
Force which alter’d their Figure has been remov'd, \is call’d their E/a/fz- 
city, ‘This will be further illuftrated by the following Experiments, 


ExPERIMENTI. Plate 1. Fig. 1. " 
4. Ler a Wire or a Cat-gut String, as A.B, be ftretch’d upon a-Table, 


(a little above it fo as not to touch it) by twifting one of the Fiddle-Pins A 
or B, to which it is faftned. ‘Then taking hold of the middle of it, bring it 
to D, foas to ftretch the String, and put it into the Pofition A DB;.- 
from which, as foon as you Jet it go, it will reftore itfelf into. the. Pofi- 
tion AB; and the Force whereby it does it, is call’d its Elafticity. 


. Tue Caufe of this Property in Bodies is as much unknown as the 
Caufe of Gravity. There have been indeed feveral Conjectures about it ; 
but as in the Newtonian Philofophy Conjectures are never given for Solu- 
tions, I fhall not quote them here: only I fhall mention them in the 


Notes, not astrue, but probable Caufes *. $e 


6, WuHEN the String from the Pofition A DB isby its Elaftieity re- 
turn’d to the Pofition AB, it will not remain there, but by the firft Law 
of Nature will go on. till it comes to C, where it has loft all its Motion. 
Then by the Elafticity and firft Law, it will go back again towards D, 
then again towards C; and {o alternately for fome time, vibrating like a 
Pendulum, fo as to lofe a little of its: Motion every time, till it comes to: 
reft at laft, all the Vibrations, as C D,cd, xd, being ifochronal, as ina 
Pendulum, .N.. B.-Ifthere was no Refiftance of Air, nor Friction, at 
the Centers A and B, and the Elafticity of the String was perfect, fuch: 
a String wou’d vibrate perpetually. 


WuetueEr the middle of the String A B be brought quick or flowly: 
to. the Point D, it fets out with the whole accumulated Foree with 
which. it, has been bent, whereby it accelerates its Motion till it comes to 
the Line A. B, then goes with a retarded Motion towards C ; as we have. 


L. s. N° 78. taken notice of in the firft Volume, when. we {poke of the Bow or Spring. 


EXPERIMENT 


A Courfe of Experimental Philofophy. 3 
| Leé&. VI, 
_ ExperRIMent 2. Plater. Fig. 2. ——I 
7. HAVING fixed the String parallel to the Table by two little Sup-* Plate x. 
ports or Bridges A B*, of the fame height, take a Ball of any hard Sub- Pn 
{tance, as Ivory, Brafs, or any Metal, whofe Diameter is equal to twice 
the Diftance of the String from the Table: then inftead of pulling the 
String atc, roll the Ball M againft it pretty {trongly in the Direction M ec, 
and the Ball will drive the Point c in the Direction ¢C, till having dif 
chare’d all its Force on the String, it has loft all its Motion when the Point 
¢iscometoC. By this means the Elafticity of the String is fo far rais’d, 
that in its Return it reftores to the Ball M all the Motion that it had loft 
in bending the String, becaufe Action and Reaction are equal. 


8: Wuetuer the String be {truck perpendicularly or obliquely, in 
the very Middle, or towards either End; the Reaction of the String is 
always in Lines perpendicular to it, as is the Cafe of the Surface of elaftick 
Bodies that are ftruck. For if you prefs the Ball againft the String, fo as 
to bend it at the Points E or F, it will (upon the Removal of your Hand) 
by the Refilition of the String fly back in the Line EG or F H. And tho’ 
when the Ball is roll’d againft the String in the oblique Direction G c¢, it 
returns obliquely in the Diretion c H, fo as to make the Angle of Re- 
flection M ¢ H equal to the Angle of Incidence Ge M; yet that Effe& 
arifes from the Reaction of the String ina Direction perpendicular to it, as 
may be eafily known by calling to mind what has been faid in the firft 
‘Volume concerning oblique Strokes and compound Motion* ; fome Part * sea ;. ne 
of which we will repeat here. 85. & Ann. 
ante | : N°. & Ana. 
g. Let the Motion of the Ball in the Line G c be refolv’d into two 1. 
Motions, or the Motions produced by the Action of two Forces ‘in the 
Direétions G E and G D, one of which (GE) is perpendicular, and the 
other (GD) parallel to the String AB. Now as the Force a¢ting in 
the Direction G D does not bring the Ball towards the String, that Force 
is not at all loft by the Stroke ; and as only the Force adting ‘in the Di- 
rection GE pufhes the Ball againft the String atc, the fame Effect 
is produc’d as if the Ball had mov’d all along Dc in the fame time that it 
mov’dalong Gc. But this laft Force being wholly {pent in bending the 
String at c, and raifing its Elafticity, the Refilition of the String 
acts upon the Body with an equal Force in the Direction ¢ D: but the 
Force G D, (which not having been deftroy’d, ftill fubfifts) being now 
transferr'd to ¢ F, the Ball is ated upon by two Forces, whofe Quanti- . 
ties:and Directions being reprefented by ¢ F and¢D, (the two ueoait 
hye B 2 ides 
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Lect. VL Sides of the Parallelogram CDH F) and therefore muft move in the 
ev Line ¢ H Diagonal of the faid Parallelogram and obliqueto AB. Which 


* Plate 1. 
Fig. 3. 


* Plate 1. 
Fig. 4. 


was to be frewn. 


10. We may confider all elaftick Bodies as made up of fuch Strings 
as AB*, or rather of elaftick Strata parallel to each other, whofe Effect 
we will confider in what happens to an elaftic Ball. See Fig. 3. where 
AB reprefents thofe Strata. If the Ball be {truck at D by an hard or an 
elaftick Body, all the Strata will be bent in towards C, as the prick’d 
Lines reprefent, whilft the Ball is flatten’d or dented in at D; but the 
Strata quickly reftoring themfelves, the Surface of the Ball reaffumes its 
firft Figure, and that more or lefs exactly according to the Degree of ~ 
Perfeétion of the Elafticity of the Ball, That the Strata are bent in, or 
the Force of the Stroke reaches as far as the Center, is plain by the fol- 
lowing Experiment. 


EXPERIMENT 3. 


I tToox an Ivory Ball of an Inch and half Diameter, and having fuf- 
pended it by a String about 40 Inches long to one of the Center Pins of 
an Inftrument to hang pendulous Bodies on, (fee Pl. 26. F.12. Vol. 1.) 
to which was hanging from the fame Height another Ivory Ball of four 
times the Weight, and having rais’d up the firft Ball feveral times to the 
fame Height, that it might ftrike the other Ball which was at reft with 
the fame Force, I obferv’d upon the Degrees of the graduated Arch before 
which it mov’d, to what Degree it return’d by its Recoil, which was 


- always the fame when it ftruck the other Ball full, Then having caufed 


a cylindrick Hole to be turn’d out of this fmalleft Ivory Balla little beyond 
its Center, I ftopp’d the Hole by {crewing in another Piece of Ivory, 
which had Lead enough fix’d at its. lower End:to make the Ball juft as: 
heavy asat firit. Now having fufpended the Ballas before, and repeat- 
ing the Experiment, it did not recoil near to the fame Height, tho’ it had . 
the fame Quantity of Matter as before, its percutient Surface the fame, 
and the Shell was halfan Inch thick. Afterwards I made ufe of a Ball 
of twice the Weight of this hollow one which was folid, and having 
obferv’d what Degree it recoil’d to, I fhut up my hollow Ball with an- 
other Ivory Plug, which had fo much more Lead at bottom as to make 
it twice as heavy as before ; but upon Trial it did not recoil fo high as 
the folid Ball ufed laft, tho’ it weigh’d as much. s 
Ir there be an immoveable, but elaftick Obftacle, as OM B*, and. 
a.perfectly hard Ball, as M (that is, {uch an one as cannot be dented in) | 
{trikes againit it, the Obftacle muft yield, and its Surface will change its 
| Figure, 
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Figure, as for Example from OMB to O mB; but by reftoring it Le&. VI. 
felf, it will drive the Ball back again. But if the Obftacle be perfectly -—v—~ 
hard, and only the Ball elaftick, asin Fig. 5. then only the Ball will be ree 
dented or flatten’d as at 22; but the Ball muft recoil as before. Then 
if both the Bodies be elaftick, the Recoil of the Ball will be as before ; 
for as the fame Force is fuppofed to caufe the bending in of the Sur- 
face in one or in both Bodies, there will (by the 34 Law of Nature) be 
exactly the fame Force of Reftitution. 


11. Now becaufe the Change of Figure in Bodies of quick Elafticity 
is not vifible, fome People have imagin’d Balls of Ivory, Steel, Glaf, or 
Amber, and Diamonds and other precious Stones, not to be elaftick, con- 
fidering them only as hard Bodies; whilft they have allow’d long Plates 
of Steel, fuch as the Blades of cutting Inftruments, Mufical Strings, and: 
long Pieces of Wood or Whale-Bone, Ballsof Wool, Bladders or Foot- 
Balls filled with Air to be elaftick, becaufe their Change of Figure is 
vifible: But the greateft. Degrees of Elafticity do not confift in the vifible 
yielding in and Refilition of the Parts, but in their perfect Reftitution,. 
however difficult it be to fee their Action, Yet it may be eafily per- 
ceived that. their Figure has been changed, by the following Experiments, 


EXPERIMENT 4. Plate 1. Fig. 6. 

Taxe two Ivory Balls, of equal or unequal Diameters, as M; m, ful pire ;: 
pended by Strings of any length as MS, ms, one of which has part of Fig. 6. 
its Surface as x” painted with fome Colour frefh laid on. Having fut 
pended them both, bring the unpainted Ball as M to the painted one, 
and it will receive from the other a little Spot of Paint on its Surface, 
which will be irregular, becaufe the Hand can’t hold M fteadily againft 
m. . But by letting M_ fall againft m, the Spot upon M ought to be 
much: lefs, if its Surface did not change its Figure, becaufe the Contact 
then would belefs. Now, upon making the Experiment by a Blow, the 
Surface of: each Ball is flatten’d at wz, and each Ball hasa circular Mark. 
upon it as# at Fig. 7; the one fhewn-by-the Paint ftruck off, and the pyar. ;. 
other by the Paint receiv’d.. The fame will happen if you let the Ball Fig. 7. 
fall upon a Block or Lump of Ivory, Steel, or Glafs as O B, whofe up- ae ; 
per Surface is horizontal.and {mooth ; for after the Blow the Spot 2 2 will "’®” 
be very apparent, and the larger according as the Stroke has been greater, 


Wk EXPERIMENT: 5. Plate 1, Fig. g. ab | 
Lr the Block or the Ball be of Glafs, the Infide may be broken whilft Plate «. 
the Surface remains. entire; as will be feen when the Bodies have no l2 % 
Paint 
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Lect. VI. Paint upon them, the broken Places , 2, ”, appearing within the Bodies 
t—v~—~ like Half-Moons, whilft drawing one’s Finger-Nail over the Surface, no 


* Ann. 2. 


Plate x. 
Fig. 1. 


Plate 1. 
Fig. Lo. 


Crack or Unevennefs is tobe felt, The Glais indeed is become fo much 
weaker on the Surface over the Crack m, », €@c. that a Blow or two.of 
the fame Force, as firft made the Crack, will break out the Piece. 
N.B. Glafi Bodies may receive the Crack by a Stroke of a Hammer.on 
any other bard Body as well as Glafi. Why the Glaf is fooner broken 
within than at the Surface ; and why that broken Part becomes. vifible 
and fhining, we fhall fhew in the Notes.* 


12. The Vibrations of the String AB (Fig. 1.) communicate a vibra- 
ting Motion to the Air, and thereby produce a Sound ; this Sound being 
the more acute, or the Note the higher, the fhorter the String is (fup- 
pofing an equal Degree of Tenfion) becaufe the Vibrations will be _quic- 
ker, more of them being produced in the fame time, as the thorteft Pen- 
dulums move quickeft, Gravity acting upon them as Elafticity does upon 
Strings. The Surfaces and Strata of Glafs Balls, and other fuch elaftick 
Bodies, do alfo give a Sound by their vibrating Motion, and the more 
acute or tingling the Sound is, the more perfect is the Elafticity, as pro- 
ceeding from the Vibrations of fhorter Parts of the Surface and .fhor- 
ter Strata. Glafshas the moft tingling Sound of any Body we know, 
and accordingly we find by feveral Experiments that it is the moft 
elaftick. | 

The Vibrations of Glafs may yet be made more fenfible by the fol- 
lowing Experiment. sciild en! alia 


_ Experiment 6. Pl.1. Fig. 10. | 
. ABECD isa Glafs Bell, or Air-Pump Receiver, fix’d with Cement 
by its upper End or Knob A, to the horizontal Board pp, fapported by 
the Pillars Pp, Pp, of the wooden Frame PS p Ap P, in fuch manner 
that the Bell touches the Wood only at top, and that it may tremble freely 
when made to found by ftriking its lower Circle.or Mouth BC, -S is 
a brafs Screw going thro’ one of the Pillars, fo that its End may be 
brought as near as you pleafe to the Bell before you ftrike it. Then 
ftriking the Bell with any thing to make it found any where between 
Band C, you may both {ee and hear the Lip or Brim of the Bell ftrike 
feveral times again{t B the end of the Screw SB; and this Succeffion -of 
Strokes ({till weaker and weaker) will continue the longer, if you fol- 
low the Edge of the Bell with the end of the Screw B, by gently 
{crewing it. forward as the vibrating of the Bell is ceafing.. This Motion 
of the lower Part of the Bell feems to be a. continual Change of the 
3 | circular 
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circular Mouth to an Oval and back again, the Points B, C, and the Le&. VI. 
Points D, E, alternately approaching towards ‘one another : And a Perfon “—“—~ 
of Credit told me, that he had feveral times ftuck a Riff Wheat-ftraw a- 
crofs the bottom of a great Bell, of which the Clapper was taken out; 
which Straw, after a Stroke on the Bell, would drop out as the F igure of 
the Bell chang’d in founding. : ag, ti 

Ir a Finger be applied to the Outfide of the Glaf$ Bell, the Vibrations 
and the Sound will quickly, but gradually, be deftroy’d ; and fo much 
the fooner, if you apply two or three Fingers, and almoft inftantly if 
you apply your whole Hand. The fame will happen to a Bell of Me- 
tal: but it is obfervable here, that the Vibrations, whereby the Edge of 
the Bell ftrikes the Screw, do not ceafe fo foon asthe Sound; becaufé 
you may hear the Edge of the Bell rattle again{t: the Screw, after the 
proper Sound of the Bell is heard no more. 


EXPERIMENT 7. , ) OR 

TF you pinch the Edge of the Bell with your Finger and Thumb- 
Nail, and draw them away fuddenly in the Dire€tion A E, you will 
thereby excite the fame Sound in the Bell, as when it was {truck at E, 
but there will be no fenfible Alteration of the Figure of the Bell, or per- 
ceptible Advance to, or Removal from, the Screw SB, no ftroke being. 
made againft it. Hence it appears that there are two forts of Vibrations 
in elaftick Bodies*, one fort extremely quick, which is moft properly * Ann. 3: 
productive of Sounds, and is by fome called a Tremor of the fmall. Parts; 
and another more flow, whereby elaftick Bodies reftore themfelves to: 
their Figure and Pofition, and repel Bodies that have prefs’d or ftruck 
again{t them. ‘Fhefe generally act together, but not fenfibly always; for 
a ftretch’d: String as A B( Fig. 1.) may reftore it felf,, and repel the Ball piste r, 
that has driven it into the Pofition AC B, without producing any Sound ; Fig: } 
and the fame String may produce a Sound, without having its Vibra-. 
tions large enough to be vifible. But this we may be affured’ of, that 
whatever Body we perceive to have Refilition when {truck, may have 
its Elafticity excited fo as to produce Sound, and whatever Body gives 
a Sound, is capable of repelling or being repell’d by. other Bodies that: 
ftrike it. | ! 


13. Tue bending in of the Strata of elaftick Bodies, would be a: 
fufficient Proof of a Vacuum, if there was no other, For without void: 
Spaces within the Body for the Particles difplaced by the Blow to retire 
to, andreturn from, there could’ be no Elafticity, ‘Fhis may be further 
iluftrated by the following Experiment.. 

Exp r- 
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Lect. VI. . 
yy Ex PERIMENT 8. Plate 1. Fig, 11. 

Baie x Take two thin Pieces of Money (for Example two Sixpences ) not 
‘BT bent and fomething worn, as A, B; fo that when they are thrown againft 
the flat Board ABD, they will give a fharp Sound, each of them as 
near as can be got of the fame Note. Then rub one of them with 
Quickfilver, fo that it may vifibly imbibe it, and you will find when 
you ftrike it againft the Board, and compare it with the other Piece, 
‘that its Sound is grown dull, as if it was changed into a Piece of Lead. 
This feems to arife from filling fome of the Pores into which the ela- 
ftick Strata ufed to retire by the Blow, and hereby hindering their more 
perfect Vibrations. For if you hold the Piece of Money between the 
End of a red-hot pair of Tongs to caufe the Mercury to evaporate, the 
Piece of Money will recover its tingling Sound, provided. you ftay till it 
is thoroughly cold, becaufe when hot it is not quite fo fonorous by rea~ 
fon of its Softnefs, 

Now if there were Bodies that had no Vacuities for the Particles of 
their Strata to be driven into, and the Cohefion of their Parts were fo 
ftrong that a Blow could not feparate them, thofe would be perfeétly 
hard Bodies. And in the Congrefs of fuch Bodies, there being no Al- 
teration made in their Surface, there could be no caufe of their fepara- 
ting again after the Blow ; but they mutt either ftand ftill together, or 
go on towards that fide where the greateft Quantity of Motion was di- 
rected. 


14. AGAIN, if we ftill fuppofe Bodies without Vacuities, but their 
Parts to have fo little Cohefion as eafily to flide from one another, and 
only to make them ftay in their Places, when they have been puth’d. 
over one another, thofe Bodies would be perfectly oft. They might alfo be 
called perfectly foft, tho’ they were full of Pores, provided there was 
no Subftance in thofe Pores to repel the Particles again when driven into 
them, nor force in the Particles themfelves to repel each other. ‘Thefe 

« Bodies alfo in their Congrefs would not feparate again after the Blow; 
becaufe tho’ they would be flatten’d or dented in, they could not part 

_ again, there having been fuppofed in them no Force capable of throwing 
them back from each other. 


Bopies therefore perfectly hard, and Bodies perfectly foft, would, in 
their Congrefs, produce the fame Effects ; efpecially with regard to their 
common. Center of Gravity, which would be affected in the fame manner 

| in 
I 
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in hard and in foft Bodies. And this would happen alfo if ‘hard Bodies Lect, VI. 
came again{t foft ones, and vice ver/i. “i. iro aah 
Now tho’ there are no Bodies perfectly hard, fince even Diamonds, 
whofe Parts cohere the ftrongeft of any thing we know, have fo much 
Velocity as to be highly elaftick ; and tho’ the fofteft Bodies that éan 
hold together, as Balls of {oft Clay, have Air in them enough to give’ 
them Elafticity ; yet, when we wou’d confirm by Experiments what 
would happen to Bodies without Elafticity in their Congref}’ (whether 
bard ot foft) we may make ufe of foft Clay Balls, making Allowance for 
the little Elafticity they have left, or what they want of perfe@ Softne/i. 
So likewife in the Congrefs of elaftick Bodies, tho’ we make Experi- 
ments with Balls of Steel, Marble, Ivory, Glas, &c. which are not per- 
fecily elaftick, we can eafily come at true Conclufions, by making pro- 
per Allowances for the Defect of Elafticity. 


15. In order to give a clear and full Account of all that relates to the 
Congrefs of Bodies, we fhall firft give general Rules relating to all Bodies 
that meet, overtake, or {trike one another in any Manner, whether they 
have any Elafticity or not: Then we fhall confider what muft happen to 
Bodies which have no Elafticity, as hard or /oft Bodies: And laftly, we 
fhall examine the Congrefs of elaftick Bodies. | , 
Thefe:Rules are all Corollaries of Sir Vaac Newton’s third Law of 
Motion. LO. | 
esilod : RULE 1. 1 Hie ole | 
16. The Quantity of Motion, which is collected by taking the Sum of 
the Motions direéted towards the fame Parts, and the Difference of thofe 
that are directed towards contrary Parts, fuffers no Change from the 
Action of Bodies among themfelves, | | 


COROLLARY 1. 
’ From “hence it: follows, ‘that if one Body ftrikes againft another, 
which is either at Reft, or moves more flowly according to the fame: Di- 
rection, the Sum of the Motions in the two Bodies: towards the fame 
Parts will be the fame after the Stroke as before *, | o* Ann, 4. 


. CoROLLARY 2, 
Ir alfo follows, that if two Bodies moving in contrary Dire@tions meet 
one another full, the Sum of the Motions towards the fame Parts (which 


is the Difference of the Motions towards contrary Parts) will continue 


ro 


Lec&t..VI. the fame both before and after the Meeting of thefe Bodies. See th 
” | 
mssnn.'5. 


#* Ann. 6. 
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two Confequences further explain’d and illuftrated in the Notes *. 


RuLE 2. 


17. Ihe common Center of Gravity of two or more Bodies, does 
not alter its State of Motion or Reft by the A€tions of the Bodies amang 
themfelves ; and therefore the common Center of Gravity of all Bodies at~ 
ing upon each other, (excluding outward Actions and Impediments) is ei- ° 
ther at Reft, or moves uniformly in a right Line. 

For the better underftanding of this, read what has been faid in the 
fecond Lecture and its Notes; and alfo four remarkable Cafes of this 
Truth demonftrated in the Notes to this Lecture *, i 


. RULE 3. 

18. The Motions of Bodies included in a given Space are the fame 
among themfelves, whether that Space is at Reft, or moves uniformly for- 
wards ina right Line, without any circular Motion. Pas | 

For the’ Differences of the Motions tending towards the contrary Parts, 
and the Sum of thofe that tend towards the fame Parts, are at firft ‘(by 
Suppofition) in both’ Cafes the fame ; and it is from thofe Sums and 
Differences that the Collifions and'Impulfes do arife with which the Bo- 
dies mutually impinge upon ‘one another. Wherefore (by the fecond 
Law of Motion) the Effects of thofe Collifions will be equal in both 
Cafes; and therefore the mutual Motions of the Bodies among themfelves 
in the one cafe, will remain equal to the mutual Motions of the Bodies 
among themfelves in the other. A clear Proof of which we have from 
the Experiment of 2 Ship; in which the Motions of all the Bodies that it 
contains happen after the fame manner, whether the Ship is at reft, ar is 
carried untformly forward in a right Line, 


7 DEFINITION. 
19. One Body is faid to ftrike, or impinge againtt “another directly, 


when the right Line along which it moves, being drawn thro the Center 


of Gravity ‘of the impinging Body and the Point of Contaé, is perpendi- 
cular to the Surface of the Body -againft which: the percutient or imping- 
ing Body firikes: or if they don’t ftrike in a Point, but ina Line ora 
Surface ; fill the Stroke will be dirett, ifthe Line or Direétion of Mo- - 
tion above-mention’d be perpendicular to this laft-mention’d Line, or Sur- 


_ face of Contact, ~ 


RULE 
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RULE 4. a 
20. If two Bodies, whether equal or unequal, are carried towards 
the fame Parts, with Velocities any bow equal or unequal, the Sum of the 
Motions of the two Bodies zs equal to the Motion that wou'd arife by the Sum 
of the Motions of the two Bodies, if each of them was mov'd with the fame 
Velocity as their common Center of Gravity moves with. 
See this particularly demoniftrated in the Notes *. *, Ann. >: 


; RULE 5. 
21. If two Bodies are carried towards contrary Parts, the Difference 
of the Motions towards contrary Parts, or (what is the fame) the Sum of 
the Motions towards the fame Parts, will be equal to the Motion, (that 
25, tothe Sum of the Motions) that woud be produc’d if both Bodies moving 
the fame way, or towards the fame Parts, each of them was carried with 
the fame Velocity as the common Center of Gravity. : 7 
See this further explain’d and demonftrated in the Notes *. * Ann. 8. 


Concerninc the Coneress of Bodies that have no 
ELASTICITY. 


Rute 6. 

22. If a Body without Elafticity comes directly againft another Body, 
which is alo void of Elafticity ; whether this laft Body be at-reft, or whe- 
ther it be moving more flowly the fame way ; or laftly, if tt be moving in a 
contrary Direction, ani the Motions are unequal, the two Bodies will go 
together after the Stroke along with the common Center of Gravity. Plate t. 
PigrD2. | 

‘A and B are the two Bodies. Let A ftrike the: Body B directly, which ptate :. 
Body B we will fuppofe at reft, or moving the fame way as A, but flow- Fig. 12. 
er, or towards contrary Parts with lefs Motion; I fay, that after the 
Stroke both Bodies will move together with the fame Velocity along with 
the common Center of Gravity. For fince (by the fecond Law) the 
Body B is not hinder’d by other circum-ambient Bodies, it will be mov'd 
by the Force which the Body A imprefles on it towards thofe Parts which 
the Forces are directed to; and it will alfomove jointly with the Body A: 
For firft, it cannot: move flower, by reafon of the following Body A; 
then it cannot move fafter, becaufe (by the Suppofition) there is no 
other Caufe of fuch a Motion befides the impellent Body A ; fince all 
other Things, as an elaftick Force, and an ambient Fluid are fuppos’d to 


do nothing: Therefore after the Stroke both Bodies will be join’d, and 
C2 | move 
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Lect. VI.. move along with their common Center of Gravity. Which was to be 
—v— demonftrated. | 


Plate 1. 
Fig. 13. 


, CoROLLARY. 

23. 1g the Bodies are fuppos’d to come together at. D, as the Veloci- 
ties of the Things whofe Motions we confider are the Spaces defcrib’d in 
the fame Time, the, Velocities of the Body A, of the Body B, and of 
the Center of Gravity C, are before the Stroke as the right Lines A.D, 
BD, CD, refpectively ; for thofe are the Lengths which are run thro’ 
in the fame Time. ! 


PROBLEM t. 


How to determine what the Motion of Bodies that have no Elafticity wilt 
be after their firiking one another directly, Plate 1. Fig. 13. 


In order to folve all the Cafes of this Problem, which we shall do by 
fix Figures, we hall ufe the fame Conftruction ; that is, we fhall make 
the fame Letters fignify the fame thing in each Figure. Let there ‘be 
two Bodies A. and B, whofe Center of Gravity isC, and let us fuppofe the 
Bodies to’concur in D; the Velocities of the Body A, ‘of the Body B, 
and of the common Center of Gravity C, will (by the foregoing Corol- 
lary) beas the right Lines AD, BD, and CD refpedtively : Now let 
DE be equal to DC, and it ‘will reprefent the Velocity of the Bo- 
dies after the Stroke: that is, the Velocity of the Body. A. before 
the» Stroke will be.to its. Velocity after. the Stroke;.as A D to DE; 
and the Velocity of the Body; B before the Stroke will be to its. Velocity: 
after the Stroke, as BD to D E; for (by Rule 6.) the Bodies A and B, 
after the Stroke, will.go on together along with the’common Center of 
Gravity: But (by the fecond Rule) the Velocity of the common :Center 


sel) Of Gravity will remain the fame both-before and after the Stroke, and go- 
2+ onthe fame ‘way ;/ therefore if CD: reprefents: its Velocity before: the 


ds. 2a Ne 


39: 


Stroke, DE equal to :C D will reprefent its. Velocity after'the Stroke 3 
and therefore DE will alfo exprefs the Velocity of the Bodies A and B; 
which’ go along with the Center C after the Stroke. Which was to be 


AL poll of driw « CoROLLARY Ix . oat t 
- 2'¢) Ip the Body B beat reft, the Point B will coincide with the Point 
D, asin the 13th Figure: and becaufe Bis toA as AC toB-C or DE*; 
by Compofition A-+-B: (that is the Sum of the Bodies A and B) will be 
to the BodyA :: a8 ‘AB or'A D:to D.E. Thatis, the Velocity of the Body 


aa 


i vf ty ! : 4 bn, yay 
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A before the Stroke, ts to its Velocity after the Stroke, as the Sum of Lect. VI. 
the Bodies to the impingent Body A. y OR at Send 


EXAMPLE I. Fig. 13. 
“Ir A be equal to B, and Bis at reft, A+B: will be to Aas 2 to 1, Plate r. 
therefore the Velocity of the impinging Body will, before the Stroke, be Figs th 
the Double of what it will be afterwards. ius OY 


EXAMPLE 2. Fig.14. | 
Ir Aisto B as 1 tog; then will A+B: be to A as io to.1 ; therefore Plate r. 
the Velocity after the Stroke will only be the roth Part of what it was tis 14 
before the Stroke. | 7 1 


EXAMPLE 3. Pig. 15. 

Ir the Body B be infinitely greater than A, the Velocity of A after Plate 1. 
the Stroke will be infinitely fmall, that is, will be none at all; for in that Bigs tS: 
Cafe A vanithes in refpect of A-+-B, and therefore the Velocity of the 
Body A after the Stroke will alfo vanith ; that is, if a Body {trikes againtft 
an immoveable Obftacle, after the Stroke it will be at reft. 


EXAMPLE 4. Pig. 15. . 
Ir the Bodies A and B are equal, and B moves in the fame Di- 
rection, but flower, DE or CD will be equal to half A B added. to 
BD, or half the Sum of A B, and-twice BD, or halfthe Sum of A D 
and BD ; that is, the Velocity after the Stroke will be half the Sum of 


the former Velocities.. Or to give a View of. it in the Algebraical Ex 


Lt AB _ AB+42BD, 
- prefiion, DE=—+BD=—; 


ett ExaMPLe 5. Fig. ¥0, soi orks Algics | 
Ir the Bodies move towards. contrary Parts with equal Degrees, of Mo- Piate 1: 
tion, the Point D will coincide with C, (as a Confequence of the fecond Fig: 1® 
Rule) and C Dand D E will be equal to nothing; that is, both Bodies 
will be at reft after the Stroke ; as alfo their Center of Gravity is before 
the Stroke whilit they are moving towards one another)*. o.f..2 ofp ty * Lez. NE 
at 
~CoROLLARY 2. 


Tus fhews that Law of Motion of Deéartes tobe falfe, whereby 
he afferts,. chat the. fame Quantity of Motion is always preferv'd in the 
World; becaufe here we find, that Bodies which have no) Elafticity 
ta ; moving 


14 
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Leét. VI. moving contrarywile, by running againft each other with equal Quan- 
“~~ tities of Motion, deftroy each other’s Motions. 


Plate 1. 
Fig, 07. 


*Ann, g. 


Percutient. 


Example 6. Fig. 17. 

Tr equal Bodies go towards contrary Parts with unequal Quantities of | 
Motion,their Velocity after the Stroke will be half the Difference of their 
former , Velocities or it may, with regard to the Figure, be exprefe’d 
Algebraically thus, DE or CB will be equal to CB—BD —= uit 


ay AB—2BD 


NB. 4 general Solution of this Problem is given by a Calculation in 
the Notes, * ae 


CoROLLARY 3. a 
Since the Velocity of the Body A before the Impulfe was A D, and 
after the Impulfe its Velocity was as CD, the Velocity loft will be AC, 
and therefore the Motion loft by the Stroke Ax AC, 


RuLe 7. : 

26. If a Body in motion ftrikes directly againft another, whether that 
other be in motion or at reft ; the Magnitude of the Blow is proportional 
to the Momentum which is loft at the Stroke in the ftrongeft Body, if one 
be fironger (thatis, has more Motion) than the other. — fe 

For if you fuppofe the ftrongeft Body (if there be one) or either of — 
them, if their Momenta are equal, to be the percutient Body, and the 
other the Body ftruck ; the Magnitude of the Blow will be equal to the 
Force which the percutient Body impreffes on the Body ftruck : but that 
Force which is imprefs’d on this laft by the Percutient, is loft (by the 
third Law of Motion ;) therefore the Motion loft in the percutient Body 
will be proportional to the Force imprefs’d on the Body ftruck, and 
confequently to the Magnitude of the Blow. Which was to be proved. 


| a) CoROLLARY. | | 
27. WHERE percutient Bodies lofe equal Momenta, the Magnitudes 
of the Strokes will be equal. | 


Rure 8. Plate 1. Fig.18. 
28. Ifa given Body firikes direétly againft another given Body, the 
Magnitude of the Blow will always be proportionable to the V. eloctty of the 


I Let 
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Ler the given Body A, with a Velocity expre(’d by AB*) ftrike Lect. VI." 

another given Body B, which is at reft; then again let the fame Body A, Cae 
with another Degree of Velocity as DE. ftrike the ‘other Body B {till Fig. 18, 
{uppofed at reft: that is, let AB: be to DE: yas the former V elocity’: 
to the laft, and let the Diftance of the Bodies be as AB, DE; (for what- - 
ever Diftance there is between them, in the Beginning of the Motion, 
it will be the fame thing as to the greatnefs of the Blow 3) and let. the 
common Center of Gravity be at C in the firft Situation, and at Gin 
the fecond: When the Body A is moved with the Velocity AB, CB 
will be its Velocity after the Stroke; and fince ‘before the Stroke the 
Motion was Ax AB (that is, A multiplied into A'B), the’Motion after - 
the Stroke wil! be Ax CB; and the Motion loft will be Ax A C.-“In’ 
the fame manner, if this percutient Body be moved with the Velocity ' 
DE, the Motion loft will be Ax DG, and therefore the Magnitude of 
the Blow with the Velocity AB will be to the Magnitude of the Blow 
with the Velocity DE, as AxACto AxDG, or as AC: to DG, 
Now becaufe AC : is to BC: : as B: to A; therefore will A C: be to 
AC+-BC (that is AB) ::asB:to A-+-B; and likewife will B: be 
to A+-B::as DG: to DE; and therefore will AC: be to AB:: 
as DG: isto DE; when (by Permutation of Proportion) A C : will be 
to DG: :as AB: to DE; that is, the Magnitude of the Blow with 
the Velocity AB: will be to the Magnitude of the Blow with the Velo- 
city DE:: as the Velocity A B: to the Velocity DE. Which was to 
be proved, | 


CoroLtiary. Plate 1. Fig,tg. 

Ir the Body A runs againft the Body B+, the Motion loft is+ Plate. 
Ax AC; but if the Body B runs againft’A with the fame Velocity, eae 
‘then the Motion loft is Bx BC; but becaufe then BC mutt be to AC 
as A to B, then will Ax AC be equal toBxBC, and confequently 
the fame Quantity of Motion will be loft by the Blow, whether Bim- 
pinges on A with a given Velocity, or A impinges on B with the fame 
Velocity ; and therefore in both Cafes the Magnitude of the Blow -will - 
be the fame. erter ad fy! 


Rue g: Pilate 1. Fig, 20. ; 
29. If one Body directly ftrikes another which is moving flower along 
the fame right Line ; the Magnitude of the Blow will be the fame, as if 
the antecedent Body fhou'd be at ref, and the following Body fhowd be 
carried againft it with the Difference of their Velocities, 


Ler 


16 
Leet. V1.7 


* Plater. 
Fig. 20. 


Plate 1. 
Big. 27. 
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Let A and B* be two Bodies going the fame way, whofe common 
Center of Gravity is C; and let the Bodies be fuppofed to come toge- 
ther in D: it is plain from what has been faid before, that the Veloci- 
ties of the Bodies before the Impulfe -are as the right Lines AD, BD, 
and therefore the Difference of thofe Velocities will be as AB; but as 
the Velocities of both Bodies after the Stroke will be exprefs'd by CD, 
therefore the Motion loft in the Body A, will be Ax AC. Now: if 
the Body'A fhou’d ftrike againft the Body B at Reft with the Velocity AB, 
its Velocity after the Stroke would only be equal to C B, and the Mo- 
tion loft would be A‘x AB. ‘Therefore fince the Percutient in each 
Cafe lofes the ame Quantity of Motion, the Magnitude of the Blow will 
always be the fame. : 


| Rue 10. Plate 1. Fig. 21. | 

30. If two Bodies meet one another with contrary Motions, the Mag 
nitude of the Blow will be the fame as tf one of them was at ref, and 
the other came upon it with the Sum of their Velocities. 

‘Let the two Bodies A and B be carried: towards contrary Parts, their 
common Center of Gravity being at C, and D be the Point in- which 
they meet: it is plain that the Velocities of the Bodies A and B are as 
the right Lines AD, BD; and therefore let the Sum of their Veloci- 
ties. be exprefs'd by AB: CD will exprefs their Velocities after the 
Stroke, and therefore the Motion loft in the Body A will .be: Ax AC. 
But if A fhould with the Velocity A B {trike B at reft, the Velocity af- 
ter the Stroke would be as CB, and the Motion loft AxAC. There- 
fore as there is the fame Quantity of Motion loft in both Cafes, fo like- 
wife the Magnitude of the Blow will be the fame. Which was to be 
proved. | i | | 


sirloin ‘CoROLLARY I. | Lot. A 

_ Af therefore there remains the fame Sum of Velocities, that is, the 
refpective Velocity of the Bodies A and B, whereby they come ‘towards 
one another, whatever be their Difference of Velocity, or however that 
Velocity be divided between the concurrent Bodies, the Magnitude of 
the Blow will always be the fame, 


CoROLLARY 2. | OS 
THEREFORE the Magnitude of the Blow in given Bodies is always 
proportional to their Velocities refpectively. , | 
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CoROLLARY 3. 


Hence alfo may be deduced what we have faid in our third Rule, 


and its Explication, viz. That the Motions of Bodies included in any 
Space, whether that Space be at reft, or be moved uniformly in a di- 
rect Line, are always the fame ; for the Differences of Velocities where- 
by Bodies tend the fame way, and the Sums of the Velocities whereby 
they tend towards contrary Parts, are the fame, whether the Space 
in which the Bodies are centain’d be at reft, or whether it be moved 
uniformly in right Lines; therefore the Magnitudes of the Blows being 
always proportionable tc them, muft be the fame in both Cafes. Hence, 
as we faid before, all the Motions in a Ship are in the fame Condition, 
whether the Ship be at reft, or moving forwards uniformly. Thus alfo 
all the Phenomena of Projectiles and Percuffions happen with us upon 
the Earth, whether we.are carried along with the Earth by the common 
Motion, or whether the Earth ftand ftill, as fome imagine. Therefore 
the Objections brought againft the Motion of the Earth, from what the 
Objectors fuppofed muft happen to Projectiles, by reafon of its Motion, 
were, from what we have faid here, of no force, as proving nothing 
one way or other. | 


31. ExpERIMENTS made with foft Clay Balls, for further illuftra- 
ting what has been faid before, concerning the Congrefs of Bodies which 
have no Elatfticity. | Ries 
NB. The Machine to be ufed for the Congre/s of Bodies, (whether em 

laftick or not elaftick) is the fame that is decribed in the firft Vo- 
lume Page 371. Lecture 5. N° 60. for making Experiments ‘on 
pendulous Bodies; only with this Improvement, viz. that the Angle 
DEC muft be large enough for the fimtlar Arcs at bottom gradu~ 
ated on either fide to contain a fuffcient Number of Degrees; the 
Machine alfo muft be made of two triangular Pieces, which join in 

a perpendicular Plane or Settion between the Lines a A and bB, 
that they may be drawn a little way from each other, when one or 
both the Balls are large, for the Center of the Ball to be always a~ 
gainft the Beginning of the Divifion 01, from which we reckon ; 
cand the Pins a and b muft be long enough for the bigge/t Balls to 
hang fo forward, as not to touch the Board in their Motion, There 
muft be alfs-a Contrivance of an horizontal Piece to fix on at Eba, 
to carry more Pins than two, when we have a greater Number 
of Balls to hang on. 


Vou, IIL. D TAKE 
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Take acouple of Cylinders of Lead, each two Inches in Diameter, 


Geymmt and about an Inch and an half high, and let a hemifpherical Cavity be 


Plate 2. 
Fic.sa, 


* Ann, 10. 


turn’d in each of them, fo that when they are laid upon one another, 

they may contain an hollow Sphere of an Inch and an half Diameter, 

Let two places of the Edge of this Cup of about a quarter of a Circle each, 

be flanted off, as at 2, 6: A in the firft Figure Plate 2. reprefents the 

hemifpherical Cavity feen horizontally, B one of the Cylinders fet ‘up- 

right, and CD the two Cylinders fet upon one another, This Machine derves: 
to make Clay Balls which weigh two Ounces verdupoids, the Cavity be- 

ing firft well oiled that the Balls may come out eafily, A little Stick of 
about half an Inch long and + of an Inch Diameter, muft havea String 
of about fix Inches, with a Loop at one end, tied to it in the middle ; 

and this Stick being put within the Ball, one end of the String muft go. 
out of the Cylinder at the thin Notch a@ as m, and the other end: with 
the Loop muft go out at right Angles to the former at 2, whilft the: 
Cylinders are prefs’d hard together, and form the Clay Balls fmooth by 

means of the Pins and Holes as c, d, ¢, in the Edges which receive one 
another; A Clay Ball thus made, may be fufpended at a long String to! 
make a Pendulum of for Congrefs, whilft the little String # coming 
out at its fide, ferves to hold it by before we let it go, without alter- 

ing its Shape; for if we make the Balls of very foft Clay, they will have 

fo little Elafticity, that it may be eafily allow’d for. See a Clay Ball 
finifh’d at E.. Another Pair of Leaden Cylinders whofe Cavity is of three 
Inches Diameter, will ferve to make Balls whofe Weight is 8 Ounces 
each’: As for a Ball of18 Ounces which we ufe, it may be made exadlly 
enough with the Hand, -firft weighing the: Clay. 

Tue Figures that reprefentthe Experiments, by the thaded Balls, 
fhew the ftate they are in before the Congrefs, the pointed Circles thew 
where the Stroke: is made; and the Circles made with Lines: alittle 
longer ‘than Points, fhew where the Bodies are after the Stroke } and the 
Darts drawn: inthe Balls, fhew which way they move, This way: of draw- 
ing the Pigures I bave taken from Mr. Profefor s'Gravefande, who was 
always very curious in bis Figures: And indeed in the Congrefi of Bodies 
bebas taken’ fo much Pains in endeavouring to reconcile Phanomena with 
the new Opinion concerning the Force-of Bodies, that itis pity that be did 
not Jucceed.” Bor however tt may beagreeable to Forces where Time is 
not confider'd, pendilous Bodies (while they keep the fame lengthy have all 
their Vibrations i]écbr onal, in which cafe their foook will hardly agree 
with the Mafs multiplied into the Square of the Velocity, andthe known 
Laws of Congre/s explain'd by Sir aac Newton, as I shail fhew in the 
Notes. * 

Lad : _ Exps- 
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Bx PERIMENT 1. Plate 2. Fig. 2. 

32: Tue Clay Ball A, weighing two Ounces, with the Velocity 16, 
comes upon B of two Ounces alfo which.is at.reft, and after the Stroke 
they both go on together, with half the Velocity of A. Sze Example 
the firft. | 


EXPERIMENT 2. Plate 2. Fig. 3. | 
THE fame Body A with the fame Velocity overtakes B, which moves 
the fame way with only 8 Degrees of Velocity, . They ftrike at the 
loweft Place, and after the Stroke they both go on together with half 
the Sum of the Velocities, which they had before the Stroke, Sze 
Example fourth, . 


EXPERIMENT 3. Plate 2. Fig. 4. 
A and B ftill equal meet in contrary Directions, each with the fame 
Velocity of 14, and after. the Stroke they deftroy each othet’s Motions 
~and ftick together. See Example the fifth. 


EXPERIMENT 4. Plate 2. Fig. 5. 


Ip 


Lect. ‘VI. 
Ley eons 


A and B ({till of two Ounces each) fet out from contrary Parts to- 


wards one another, A with 18 Degrees of Velocity, and B with 8 : af- 
ter the Stroke they both go together that way to which the greater 
Quantity of Motion tends, with half the Difference of the Velocity be- 
fore the Stroke, See Example the fixth. 


EXPERIMENT §. Plate 2. Fig. 6. 

Leta Clay Ball 3 Inches Diameter weighing 8 Ounces (here mark’d 
B) with a Velocity of 5 Degrees, come with a contrary Motion againft 
A, which meets it with 20 Degrees‘ of Velocity, and the two Bodies 
will ftand fill after the Stroke. This is another Inflance of the fifth 
Example, ? 


EXPERIMENT 6, Plate 2. Tacs toe 5) 
Now A of two Ounces with 20 Degrees of Velocity comes upon B 


which is at reft, and now weighs 18 Ounces. After the Stroke they 


will both go on with the Velocity Two ; which Velocity in unequal Bo- 


dies (one of which ‘is at reft) will always be found by dividing the Mo- | 
mentum of the percutient Body before the Stroke, by the Mafs of the’ 


two Bodies after the Stroke. See Example the fecond, 


D2 EXPE- 


20 


Lect, VI. 
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* See the 
Notes. 
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ExpERIMENT 7. Plate 2. Fig. 8. 


Tue Ball A of 2 Ounces with the Velocity 10, comes upon the Ball 
B 8, which is at reft: after the Stroke, both~go on together with the 
Velocity of Two, found by dividing the Momentum by the Bodies as be- 
fore, according to the faid fecond Example. 


ExpPERIMENT 8. Plate 2. Fig. 9. 


Tue Ball A of 2 Ounces with 12 Degrees of Velocity is met by B 
of 8 Ounces and 8 Degrees of Velocity, and after the Stroke both Bodies 
go together towards A with the Velocity 4. To find this Velocity in 
unequal Bodies, when they come again{t. each other in contrary Direc- 
tions, we muft fubtract the leaft Motion from the greateft before the 
Stroke, and divide the Remainder by the Sum of the Bodies, for the 
Velocity after the Stroke. But if the Bodies go the fame way, you 
muft add the Motions of the Bodies before the Stroke, and divide that 
Sum by the Mafs of the Bodies: becaufe (by Rule the firft) the Sum of 
the Motions which Bodies have towards the fame Parts, or the Diffe- 
rence which they have towards contrary Parts, is not altered by the 
Stroke; but is the fame both before and after the Stroke. * 


33. CoNCERNING fhe Concress of elaftick Bodies; for which a 
proper Allowance may always be made as if their Elafticity were’ per- 
fect, as will be fhewn before we quit this Subject, 


RULE II. 


34. If two Bodies perfectly elaftick ftrike againft each other, their 
relative Velocity. will remain the fame before and after the Stroke: that 
is, Bodies perfectly elapick, will recede from one another after the Stroke 


with the fame Velocity that they.came together. 

For (by the Coro//. of Ru/e 8.) the compreffive Force, or the Mag- 
nitude of the Stroke in given Bodies, arifes from the relative Velocity, 
and is proportionable to it ; and, as we have already fhewn, Bodies per- 
fectly elaftick do reftore themfelves to their former Figure, with the fame 
Force that, they were comprefs’d ; that is, the reftitutive is equal to the 
compreflive Force, and therefore aéts juft as ftrongly as the Force by 
which the Bodies came together before the Stroke: But by that refti- 


“tutive Force the Bodies are made to rebound from one another ; whence 


this Force acting upon the fame Bodies, will produce a relative Velocity 
equal to that which they had before; that is, will make the Bodies 
i secede 
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recede from one another with the fame Velocity that they acceded be- Lea. VI. 
fore. Which was to be demonftrated. ee ed 


CoROLLARY. | 
THEREFORE, taking equal Times before and after the Stroke, the 
Diftances of the Bodies from one another will be equal, and therefore 
at the fame Times the Diftances of the Bodies from the common Cen- 
_ ter of Gravity will alfo be equal. 
Hence may be determin d the Rules of the eich of perfectly elaftick 
Bodies, 7 the wpb sis Manner. 


bien tet 2. 


35. How to i tinoiite the Rules of Congre/s in pecfitty elapiick Bo- 
dies ftriking one another directly. 

Au the Cafes of this Problem may be conftructed in the fame man- Plate 3. 
ner; as may be feen in the. firft ‘eleven Figures of Plate the third, Fig. 1, 2,3 3s 
Ler A’and,B-be two Bodies perfectly claftick, whofe common Cen- 5,6) 708 
ter of, Gravity: is C, and -letous fuppofe' that: the ‘Bodies comes together 
at C, and let CE. be equalto C\D.. \Iday, that after the Stroke; the 
right Line EA will exprefs the Velocity of the Body A:from Eto: 
wards A, and: the sen dina EB the Uae of the Body B from E 
towards. B, 


SAOTIe orld: 233 at SPURAON SPRE GAd ds 10 

SINCE (dy Rulez.) the common Cénter of Griving bf Bo es (both 
before) and. after the Stroke)-does always go forward uniformly with the 
fame Velocity ; in a Time equal’ to that'in which the Body A runs the 
length AD, or the Center of Gravity runs the length CD, the faid 
Center of Gravity C will after the Stroke run the length D K equal to 
CD: Let Ka be made equal to CA. Now fince (by the laft Corolla- 
ry) taking the Times equal before and after the Stroke, the Diftances 
of. the Bodies. from the common Center of Gravity, will always be 
equal ; at the fame Point of Time that the common Center of Gravity 
is at K, the Body A will be at a; therefore after the Stroke its Motion 
from D towards a, and its Velocity will be as the right Line D a, which 
it runs. thro’ in that Time ; but by reafon that CE is equal to the right 
Line C DorK.D, and CA equal to K a, the Difference of the right Lines 
CE, CA, will be equal to the Difference of the right Lines KD, Ka, 
that is, E ‘A will be equal to Da; but the right Line Da denotes the 
Velocity of the Body A after the Stroke, therefore its Velocity will alfo 
be sgn d by. the right Line EA: Belides, fince the relative ERGY 
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Leét. VI. of Bodies remains the fame after the Stroke as before, and the: right 
temynnnd Tine EA expreffes the Velocity of the Body A, the Velocity of the Bo- 


Plate 3. 
Fig. 4. 


dy B after the Stroke muft needs be exprefs’d by the right Line EB; 
that is, from E towards B. Which.was to be demonftrated. 
wtsied? bas Jegnd sd HivCeR@ibARY dk hed hi 
ody the:Body:B isvat reft, the Point D will coincide with the Point 
B, asin the three-firft Figures: and becaufe B: is to A:: as AC: to 
CB); therefore by, compounding of Proportion Band A taken together 
will be to A: : as B: to CB; whence doubling the Confequents B and 
A taken together: will be to 2 A::as AB :to2CB, or EB; that is, 
as the Aggregate of the Bodies :'to double the impingent Body : : fo is 
the Velocity, of the impingent Body : to the Velocity of the Body that 
was at reft before the Stroke, Ay usd 


| dis CoROLLARY 2. 23; 190 
~ Duererore’ if /A and B are equal, A and B taken together ‘will be 


; equal to 2A, whence E B: the Velocity of the Body: B after the Stroke will 


be equal to the Velocity of A: before the Stroke; and confequently ‘the 
Point Eco-inciding with the Point A, AE the Velocity of A‘after the 
Stroke will be equal to nothing ; which may alfo be eafily thewn thus 
Since the Bodies A and B are equal, thefe Quantities will’ be equal, 
A C==C B==C D==CE;; therefore the Point E will coincide with the 
Point A, and confequently ‘the Body A’ wilf-be at reft after the Stroke, 
and the Body B will after) the Stroke-move «with the Velocity EB,: or 
AB, . If therefore ‘an elaftick Body. conies: upon another equal» to ‘it 
which is at reft, the percutient Body willbe at reft after the Stroke; and 
the Body that was at reft will go on with alli the Velocity .of the Per- 
cutient.. 4 Ci o> ; an 132 ors ovis Liv BD % WMIF 


: CoROLLARY 3. nizlet (yt 
Ir the Bodies A and B; ftill) fappos'd equal, ‘move the fame ‘way 
(Fig. 4.) after the Stroke, they will {till_go om:the fame way,’ inter= 
changing their Velocities. » For -fince CE: is equal to CD, arid AC to 
CB, CE—AC (that is EA) will be’ equal to CD—~CBor BD gand 
therefore othe Velocity of the Body A after: the Stroke will be equal 
to the Velocity of the ‘Body B before the Stroke: Befides, becaufé EA 
is equal to BD, EB will be equal to. AD, and therefore: the Velocity 
of the Body B after the Stroke will be equal to the Velocity that the 
other Body A had before the Stroke, a. 224 tO YaOOs 


CoROL- 
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Lect. VE. 
COROLLARY 4. ——a 
Ir the Bodies A and B (fill fuppos’d equal) move towards each other Plate 3. 
in contrary Directions, (asin Fig. 8.) they will, after the Stroke) recede Fig *- 
towards contrary Parts, changing their Velocities. For fince A Cisequal 
toC B, and°CE to CD, A'C —CE (that is AE) will be ‘equal ‘to 
CB—'CD, or BD; therefore the Velocity of the Body A, after the 
Stroke, will be equal to the Velocity of the Body B before the Stroke - 
Befides, becaufe E A is equal to BD, AD will alfO be equal to ED; 
_ but A D was the Velocity of the Body A before the Stroke, and EB is 
_ the Velocity of the Body B after the Stroke, which proves the Corollary. 


36.. From a Confideration ‘of the ‘foregoing Corollaries, it is eafyto | 
reduce the Matter’'to Practice ; and fhewing the manner of finding what 
the Velocities of elaftick Bodies-will be after their Congrefs, to reduce all 
the particular Cafes to Numbers, But we will thew the Thing now by a 
few Experiments; referring the cutious Reader‘to the Notes for’a general 
Calculation’ exprefs'd algebraically *. AD ak UI 88 ; 


°O * Ann. 11.: 


EXPERIMENT I. Plate 3. Fig. 12. 

Tue Ivory Ball A, weighing two Ounces, with the Velocity 16, 
comes upon the Ivory Ball B, which, after the’ Stroke, goes forward to 
6, with the Velocity 16, the percutient Body A remaifiing at reft inthe 
Place of B after the Stroke," 9 ' f 
Tris: Phenomenén may bé very eafity explain’d, by confidering the 
frit Experiment of the Congrefs' ‘of foft'Clay Balls fhewn’in the fecond 
Figure ot Plate 2: For if the Body A made ufe of here had no Elafticity, . 
_ It would (by ftriking its equal B) lofe half its Velocity at the Contact ; 
but the Magnitude of the Stroke’ being equal to what A lofes, B being 
elaftick muft be bent in’with-the Force that A lofes; and as Reaétion is 
equal td Action, B will reftoré itfelf to its Figure with all the Force of the 
Sitoke that bent it in, and therefore give the percutient Body eight De- 
grees of Velocity inthe DireGtion B A; which being equal, and contrary 
to what A had left in the Dire@tion B4, deftroys the Motion of A, and » 
brings it to reft. Now as A is elaftick, in the Stroke it is bent equally 
with, and as well as; B; and by reftoring itfelf to its former Figure, 
gives Bcight Degrees of Velocity befided: the eight which it had‘ given it 
by the‘ Stroke’: fo that B by that méans ‘has 16 Degrees of Velocity ; 
that is, the fame Velocity as the percutient A. 


I : Ui COROLLARY. 
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CoROLLARY. 

37. Hence follows, that whatever Velocity a Body without Elafti- 
city. would gain or lofe (that is, would acquire either forward or back- 
ward) in its Congrefs with another Body without Elafticity ; the Body 
will acquire double that Velocity, if the Bodies are elaftick : and therefore 
it is eafy from the Congrefs. of Bodies without Elafticity to know what 
will happen in the Congrefs of elaftick Bodies. 


EXPERIMENT 2. Plate 3. Fig. 13. , 
_» Ler the fame Bodies A and B go the fame way, A with 16. Degrees 
of Velocity, and B with 8: after the Stroke, A will have 8, and B 16; 
that is, the Bodies will interchange their Velocities. yak 
Hap A.not been elaitick, after the Stroke it would have gone along 
with B to 12, iofing four Degrees of Velocity; but as it is elaftick, it 
mutt lofe eight, and there it goes but to cight at a. For the fame Reafon 
had B not been elaftick, it muft have gone to 12, gaining four Degrees 
of Velocity; but as it is elaftick, it muft gain four more,,and. confe- 
quently go to 16 at d. 


EXPERIMENT 3. Plate 3. Fig. 14. 

Tue fame Bodies A and B coming from different Parts meet one an- 
other full, A with 16, and B with 8 Degrees of Velocity: A returns to 
8 at a, and B to 16 at 4, here alfo interchanging their Velocities, 

‘Hap the, Bodies been void. of Elafticity, both wou’d have gone to- 
wards B after the Stroke with the common Velocity 4; that is, A would 
have loft 12 Degrees of its Velocity towards B; but as it is elaflick it 
mutt lofe 24, or in receiving 12 more in the Direction BA, it lofes its 
four Degrees towards B, and goes back eight more towards A. . Like- 
wife B, which, if it had not been elaftick, would have gone back after 
the Stroke in the Direction. A 4 four Degrees towards 4, (lofing 12 De- 
grees of its Velocity) will goto 4 with 16 Degrees of Velocity, lofing 12 
more Degrees of Velocity in the Direction BA, or which is the fame 
thing, acquiring 12 more in the Direction A 4. 


EXPERIMENT 4. Plate3. Fig. 15. 


Last y, let.the two Bodies A and B meet one another, each with 16 


Degrees of Velocity, and after the Stroke they will fly back from one 

another with the very fame Velocity. : 
Hap they not been elaftick, they would both have ftood ftill at S; 
but. each of them having loft 16 Degrees of Velocity by the Stroke at S, 
| matt 


a 
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muft lofe 16 more by the unbending of the Surface of the other Body : Lect. VI: 
but thefe Bodies, which had 16 Degrees of Velocity each, cannot lof —~—~ 
32, Degrees, but by receiving 16 Degrees the contrary way, and going 
back again, | 
Now fome People, who have not read with fufficient Attention what 
has been faid before, may imagine that the Rule does not hold true 3 VIZ. 
that in the direét Stroke of all Bodies, (elaftick or not elaftick) there is as 
much Motion before as after the Stroke ; becaufe in this Cafe the Bodies, 
if not elaftick, would have been at reft after the Stroke, and now as they 
are elaftick, A has 16 Degrees of Velocity, and B alfo16. But it is to 
be obferv’d, that we faid, there will be after the Stroke the fame Quantity 
of Motion towards the fame Parts, as before the Stroke, And this is evi- 
dent here. For as in Bodies not elaftick, the Stroke brings the Bodies to 
reft; here in the elaftick Bodies, the Motions given to them after the 
Stroke are equal and contrary ; that is, pofitive and negative, which being 
added, deftroy one another ; for whether we confider the Motion as di- 
rected from A to 4, or from 4 to A, we thall always find +. 16 — 16, 
or — 10 -+ 16 equal to nothing, | 


_ 38. Ir a little elaftick Body comes upon a greater elaftick Body that 
is at reft, the little Body will be refleéted. ‘This will alo happen if the 
great Body meets the little one; or, going the fame way with lefs Velo- 
city, is overtaken by it; becaufe (sy Rules.g, and 10) the Cafe will be 
the fame as if the great Body was at reft, and the little one came upon 
it with the relative Velocity of the Bodies. | 


Experiment 5. Plate 3. Fig. 16. 

Tue elaftick Body A, weighing two Ounces, comes upon the elaftick 
Body B, which is at reft, and weighs four Ounces, B goes on in the 
Direction of A with the Velocity 8, and A comes back ina contrary Di- 
rection with the Velocity 4. | 

WiruourT Elafticity B would have gone forward but four Degrees, 
gaining only that Velocity ; and A would have gone along with it lofing 
eight Degrees of Velocity. But adding the Force arifing from the Elatti-= 
city, and B gains four Degrees more to come to 6, whilft A lofes eight 
of Velocity more to bring it back to a, 


ExpeRIMENT 6, Plate 3. Fig. 17. 
Tue elaftick Body A, weighing two Ounces, with the Velocity 15 
comes upon the elaftick Body C at reft, whofe Weight is eight Ounces, 


which for the fame reafon will go forward to 6, whilft A returns to 9. 
Vot. II. E EXPERIMENT 


26 
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EXPERIMENT 7. Plate3. Fig. 18. 
Tue elaftick Body A, weighing two Ounces, with the Velocity 18, ~ 
comes upon the elaftick Body D, which is at reft, and whofe Weight is 
16 Ounces. B goes on forward with four Degrees of Velocity, and A 
returns back with 14. N.B. The Velocities of the Bodies after the Stroke 
in thefe three laft Experiments, if they bad not been elaftick, are always 
found by the Rule given in the Account of Experiment 6, and Experiment 
7, of Plate 2. 


SCHOLIUM. 

39. Hereitis obfervable, that if you add the Momentum, or Quan- 
tity of Motion of the little Body A before the Stroke, to the Momentum 
which it receives in being driven back by the Stroke, (without any re- 
gard to, or comparing the Directions of thofe Motions) the Sum of thefe 
Momenta will be equal to the Momentum with which the great Body 
goes forward, Inthe Experiment of Fig. 16. A==2 x 12-+a4(== 
2x4) gives 32, equal to 4x8, the Momentum of B. In Fig. 17. 
2x15-+2x9Q gives 48, equal to 6x 8, the Momentum of C: and in 
Fig. 18. 2x 18-2 x 14, gives 64 equal to 16 x 4, the Momentum 
of D. 


CoROLLARY. 


40. Hence in the Congrels of two elaftick Bodies, of which only 
the Weight of one is known, we may find the Weight of the other, by 
obferving the Velocity of the Bodies before and after the Stroke. For 
example, if the Weight of the little Body be unknown, divide the Mo- 
mentum of the great Body by the Sum of the Velocities of the little 
Body before and after the Stroke: as here in Experiment 5. Fig. 16. 


were een ieee 2, the Weight of the Body A, In Experiment 6. Figs\ te 


1Z 
Suppofe the Weight of C was unknown, divide the Sum of the Momenta 
of A before and after the Stroke, by the Velocity of C after the Stroke. 
That is, 15 x2-- 9x 2 == 48, divided by 6, the Velocity of C, gives 
8 for its Weight, &e. 


41. Now fince from 24, the Momentum given to A in the fifth 
Experiment, (f7g. 16.) you have a Momentum of 32 produc’d in B: 
and from 30, the Momentum of A in the fixth Experiment, (Pig. 17.) 
you have a Momentum of 48 produc’d in C; and from 36, the Mo- 
mentum of A in the feventh Experiment, (Fg. 18.) you have a Mo- 


~ mentum 
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mentum of 64 produc’d in D; one would imagine that Motion may be Les. VI. 
increas’d by the Congrefs of Bodies, from a fmall Momentum to a much ““"W——™~ 
greater, fo as to apply it to Ufe in Mechanicks, This made a very 

learned and ingenious Gentleman imagine, that upon this Principle the 
perpetual Motion was not impoflible ; efpecially when he confider’d, that 

ifa Series of elaftick Bodies bigger than each other in a Geometrical Pro- 

greflion, are fufpended from the fame Height, {0 as to have their Centers 

in the fame Line, by letting the fmalleft Body ftrike the reft with any 
Momentum, the Motion will be propagated thro’ the whole Series of 

Bodies, fo asto make the laft (which is the biggeft) go forward from 

the reft with more Momentum than the firft came on, in any Propor- 

tion, This will be made plainer by the three following Experiments, 


EXPERIMENT 8. Plate 3. Fig. 19. 

Let the elaftick Body A, of two Ounces, come with nine Degrees 
of Velocity upon the elaftick Body B, of four Ounces, ‘and B will go to 
6 with fix Degrees of Velocity; fo that the Momentum 18 in A has pro- 
duc’d the Momentum 24 inB. ” 


EXPERIMENT 9. Plate3. Fig. 20. 
~ Ler the elaftick Body B, of four Ounces, be at reft, as alfo the elaftick 
Body C, of eight Ounces, with their Centers in the fame horizontal 
Line. Now let the elaftick Body A, of two Ounces, come full upon 
them with the Velocity g, and C will fly off to c with the Velocity 
4.3; fo that the Momentum 18 in A has produc’d the Momentum 32 
in C, , 


EXPERIMENT 10. Plate3. Fig. 21. 

Let the elaftick Bodies B, C, and D, whofe Weights are 4, 8, and 
16 Ounces; that is, whofe Weights are in a Geometrical Progretiion, 
be fufpended with their Centers in the fame horizontal Line touching one 
another, ‘Then let the elaftick Body A, of two Ounces, come upon B, 
and D will fly off to d with the Velocity 2+; fo that the Momentum 18 
in A has produc’d 42 and 4 in D. 

BuT here lies the Fallacy *. We think we have gain’d fo much Mo- * Plate 3. 
tion towards E, as the Excefs of the Momentum of B, C, or D above that ‘ 1B». t Saat 
of A. Not confidering that the Effect we have produc’d is caus’d by a ~ ) 
Syftem of Bodies, viz. of two Bodies, Fig. 19. of three Bodies, F7g. 

20. and of four Bodies, Fig. 21. in which Cafes we muft only reckon 
the Motion produc’d towards E, which cannot be done but by fubftract- 
ing the Motion towards contrary Parts; that is, fubftra€ting the Motion 

E 2 i 
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Le&. VI. inthe Direétion E A. In Experiment 8. Fig. 19. A returns from B te 
-—~v—~ a with the Velccity 3, its Momentum being 6. Now as that is a 


negative Motion in refpect of that of the Body B towards E, it muft be 
fubfraéted from 24, the Momentum of B; then we fhall have only 12 
left for the Momentum of B towards E after the Stroke, the very fame 
as the Momentum of A before the Stroke. Likewife in Experiment 9. 
Fig. 20. which is a Sy{tem of three Bodies, if we only reckon’d the Mo- 
mentum of C going to cin the Direction CE, with four Degrees of Ve- 
locity, we fhould gain the Momentum 20, over and above 8: that was 
given at frit by A. But we muft now not only fubftract 6, the Mo- 
mentum of A going back from B to a, but alfo the Momentum of B 
going back to J in the Direction E A, with two Degrees of Velocity, that 
is 8, from 32 the Momentum of C after the Stroke: and then we thall 
have only 18 Degrees of Motion left towards E, the fame that A had that 
way before the Stroke, For 32 —'6 + 8 == 18. | 

In the fame manner, in Experiment 10. Fig. 21. where the Mo- 
mentum of Dafter the Stroke is 42-4, inftead of gaining 24 +, the Excefs 
of that Momentum above 18 the Momentum of A, we gain juft nothing. 
For as the Bodies A, B, and C, are all reflected towards A, we mutt 
fubftraé all their Momenta (which now are negative Quantities, as their 
Directions are in the Line E A) from 42 4, the Momentum of D, and 
then we fhall. have juft as much Momentum left in D, as the Momentum 
of A before the Stroke. The negative Momentum of A after the 
Stroke, which carries it back from B to a is 6; the negative Momentum 
of B.reflected from C to 4 is 8; and the negative Momentum of C re- 
flected from D toc isto 3. Now the Sum of all thefe (6-+ 8 +104) 
24.4, fubftracted from 42 4, the Momentum of D towards E, leaves 
juft 18, the Momentum af A towards E before the Stroke. - 


42. As we have notyet mention’d any Experiment of the pereutient 
Body, or the Ball A (P/ate 2dand 3d) being greater than B,we: will. 
here make one Experiment of that fort, which may be applied to all 
Cafes of that kind.. 


Experiment it. Plate 4. Fig. 1. 

Now let the elaftick Body.A weigh four Ounces, and come with-12 
Degrees of Velocity upon another elaitick Body B, which is at reft, and 
weighs but two Ounces ; after.the Stroke the Body-A will goto 4, and B 
to 16, towards E. Had the Bodies been without Elafticity, they. would have 
gone together to 8, A lofing four Degrees of its Velocity, and B gaining 
eight, Butas they are both elaftick, A muft lofe eight Degrees, and B 

muft 
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mut gain 1.6, which agrees with the Experiment, for the Reafons given Le&. VI. 
-before.. . | mere mad 
- "THERE is a pretty odd Phenomenon depending upon Elafticity, which 
therefore I thought prover to take notice of here; which is, that if a 
-Row of Shovel-Board Pieces (that.is, metalline Cylinders of about ‘half 
an Inch in Height, and two Inches Diameter) be laid upon a’ fmooth: 
‘Fable, and yourtake a fingle Piece, and drive it againft the Row, by its 
Stroke upon the firft Piece the laft Piece will fly off; as for Example, let 
the Row of Pieces be B, C, D, E, F, G, H, I, Plate 4. Fig. 2. if Plate 4: 
A, a Piece of the fame kind, be puth’d in the Direétion A @ againft the a 
Row of Pieces, fo as to ftrike the firft of them, the Jaft Piece I will fly 
off to 7,° with the fame Velocity that A came againft B: and whether A 
comes on witha greater or a lefs Velocity, no other Piece but the laft 
Piece I will fly off, and that exadtly with the fame Velocity that A {truck 
atthe other End. But if you take two Pieces, as A and B, Plate 4.Fig. 3, Plate 4. 
and pufh them together ina Line againft the Row C, D; E, F, G, H; I, ™3: 3. 
the two Pieces H, J, will fly off from the other End of the Row with 
the very fame Velocity that Aand B made their Stroke, be the Stroke 
{tronger or weaker,. going to 4, 7.. If three or more Pieces are made 
ufe of to make the Stroke, then will fly off at the End the very fame 
Number that made the Stroke, @c. N. B. The fame will happen : 
with equal claftick Balls fafpended in a Row by Strings of the fame 
Leneth. | : . L i 

Now. if we:contider this well, it will only appear to be a| Café of Ex 
periment 1, Plate 3. Fug..12.. N° 36. as will/moré eafily be conceiy’d | 
by making the. . | ) 


_ EXPERIMENT 12.) Plate 4. Fig. 4.. | 
Uevr A be one of the fore-mention’d Pieces, at the diftance of about Plate 4- 

ten Inches from. B, and C be placed in the fame Line‘at’ about four “® * 
Inches fromB: then if A be puth’d againft B with any‘Deeree ‘of Velo- 
city, it will ftand {till after the Stroke, and Bwill-go on with all the Ve- 
locity that A had; but then B foon coming againft C, will ftand {till alfo- 
after the Stroke, .whilft C goes on with all the Velocity it receiv’d from B, 
that is, all the Velocity that A had at firft. Now to apply this to the laft 
Experiment, (fg. 2.) it is plain that A having been the percutient 
elaftick Body, B, C, D, E, F, G,°H, do fucceffively become percutient 
Bodies, and fucceflively ftand {till after their Strokes ; whilft I; which 
has no other Body before it to ftrike, goes on with all. the Velocity of the 
firft percutient A, . 
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Ip the Stroke be made, with two or more Pieces (Fig. 3.) it will ad- 
mit of the fame Solution, only that here the Body B will have the 
fame Effect by its Stroke on the Row before it, and ftrike off the-laft 
Body I; but at, the Inftant of the Stroke as it is dented in, aiid its Cir- 
-cuimference towards C a little flatted, it quits the Body A for a Moment ; 
then. immediately the Body gives its Stroke, and {trikes off the Body H 
which is now the Jaft, In like manner if. there had been three Pieces, 
there would have been three fucceflive Strokes'on the Row, &e. This 
is made’ ftill plainer if you join the two or three Pieces (that you make 
your Stroke with) with Solder or even Glew, fo that they may not part 
from each other in the Stroke ; for then no fuch Effe@ will happen as 
that the fame Number of Pieces fhall fly off at the End of the Row as 
gave the Blow at the Beginning of} it. 

In making all the abovementioned Experiments with elaftick Bodies, 
it will be found that after the Stroke fomething will be wanting of the 
Velocities mentioned ; which is on account of the Elafticity not being | 
perfect in the Bodies which we make ufe of: But yet all the Conclufions 


_ will be certain, if we allow for the Imperfection of the Elafticity ; be- 


* Ann, iI. 


Plate 4 
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caufe when.we know-how much ‘the Bodies want of perfect Elafticity, 
we may find exactly what will be the Effect of their Congrefs, as is 
fhewn in the 11th Annotation to this Lecture. * . 
To know exactly how much a Body wants of perfect Elafticity, that 
is, how much the reftitutive Force falls fhort of the compreffive, we 
need only repeat the Experiment of ) Plate 3. Fig. 12. and obferve how 
much the Body ftruck wants of the Velocity of the Percutient. But this 
will appear plainer in Plate 4. Fig. 5. where A and B reprefent two 
equal elaftick Bodies, of which A is the Percutient, and B 1s at reft till 
the Stroke. Here we may obferve, that B does not go quite to d after 
the) Stroke, that is, has not the|full Velocity of A, (as we have all along 
fuppofed,. when, we confidered. the Bodies as perfectly elaftick) but goes 
only to.1s, if the Bodies are Glafs, to 14 if the Bodies are of hard Steel, 
and to about 14 and a half when they are of Ivory. So that the Ela- 
{ticity of Glafs is to perfect Elafticity, as 15 to 16; that of Steel as 14 
to 16; and that of Ivory as 143 to16, Thus may be found the Ela- 
fiicity of any Subftance, by making Balls of it.to firike againft each other. — 


T o conclude this Lecture, we willin a few Words difpatch all that 
relates to_oblique Percuflion. 

Tuat the Obliquity of a Stroke diminifhes its Force, is evident to 
Senfe ; and how much it diminifhes has been fhewn both in the firft 
Volume +, and in the Beginning of this Lecture ; we fhall pak we 

ere 
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here only mention what we are previoufly to take notice of conceining Lec. Vi: 
oblique Strokes, without giving a particular Demonftration. Let AB, 5 
(in the fecond Figure of the firft Plate of this Volume) reprefent an Fie 4 
Obftacle againft which a Body runs obliquely in the Line’ G ¢ : the Mag- 
nitude of the Blow is as much lefs in this obliqneStroke, than it would 
have been if the Line Ge, in’which the Body moves had been perpen- 
dicular, as the right Sine GE of the Angle Ec G is lefs than the Ra- 
dius ¢G; and if both the Obftacle and the percutient Body be elaftick, 
the Body will be reflected in fuch manner, that the Angle of RefleGtion 
will be equal to the Angle of Incidence; that is, GeD will be equal 
to H¢D. ) 

The oblique Congrefs of Bodies that have no Elafticity will be eafily Plate 4 
explain'd in the following manner, (Plate 4. Fig. 6.) Big. Gi 

The Bodies A and B, fuppofed equal, are to move obliquely towards 
one another in the Directions A C’and BC. Draw the Lines A Cand 
BC, and divide into two equal parts the Angle ACB, which they 
make by the Line LC. produced on towards /, Perpendicular to LC 
at L draw AB : compleat the Parallelograms L D and L G, by drawing. 
thro” C, DG parallel to AB and AD and BG parallel to LC. Pro 
duce AD to Eand BG to F, and draw EF thro’ / parallel to DG,. 
which will compleat the two other Parallelograms D/, CF. Let AC, 
the Motion of the Body A, be refolved into two Forces, one acting ° 
along AD, and the other along AL. It is plain that the Force A D: 
does nothing towards driving the Body towards B; or towards the Line 
LJ, the Force AL only being employ’d to bring the Body to the Line 
L/; for the fame Reafon, of the two Forces BL and BG, which a&- 
upon the Body B, only the Force BL brings the Body B towards A:: 
but as the Forces AD and BG carry the Bodies towards /, or toward 
the Line EF, they will meet one another obliquely at C, the Magni- 
tude of the Stroke being equal to A'L or BL, which’ is the Sine of the 
Angle of the Obliquity, inftead of AC or BC the Radius, This will: 
be juft as. ifthe Bodies had come from D and G, and had met at C3. 
which. if they had done with equal Velocities, they would have ftood: 
ftill, thofe equal Velocities deftroying each other. But now fince the- 
Forces A D and BG were not deftroy’d, we muft transfer them to C/.. 
equal to AD and to BG; there is then ‘Force left to carry A towards. 
/, with the Velocity C/, and B alfo towards / with the ‘Velocity C/, 
But equal Bodies that have no Elafticity and go the fame way, will go 
on after the Stroke with half'the Sum of their Velocities * ; and there-* Rule 6. 
oe thy two Bodies will go together to /, becanfe.C/ is equal to half Pag. 1 
of 2C/, { 


2 In. 


5 Q, 
Lect. VI. 


‘ed Rule 6. 
Pag. tt. 
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In the fame marner, may be found the, Motion of the Bodies, if 
their Velocities or Forces had been unequal. Suppofe A being placed at 
‘H had come to C with the Velocity HC, whilft B came to C with 


‘the greater Velocity BC, Having as before refolved the Motion ofeach 


‘Body into two Forces,., A :(fappofed., to fet out, from: H) would with othe 
Force HK (or its. equal IC),megt Bat,C, coming againft it with the Force 
BL (or its equal GC.) _ Now this being, the fame as if they came againit 
each other from I and G, with the Velocities IC and GC; after the 
Stroke they will go on together with half the Difference of the Velo- 
cities ;. fo that their common Velocity will be CN, which has been ta- 
ken equal to DO, the half of DI, the Difference of C D and Cl, re- 
fpectively equal to BL and H K their Velocities. 

How to find out the true Motion of the Bodies going together after 
the Stroke, let us confider how the Forces HI and BG do now ac up- 
on them. We muft transfer HI, the Force a@ing on A (or H) to 
CM, and the Force BG acting on Bto C/: C/-+CM therefore 
will be the Sum of the Velocity of the Bodies, and C m (taking /m, 
mM, and NC all equal) will be half that Sum, the Velocities that the 
Bodies would, according to the Rule * given, have after) the Stroke. 
But fince by the former Adtion of the Forces H K and BL, the. Velo- 
city CN was left to the Bodies moving together; we may now look 
upon the join’d Bodies as ated upon by two Forces, as CN and Cm; 
to which Lines drawing maand N a parallel, you will, have C A «for 
the Diagonal of the,Parallelogram Nw, in which Diagonal the Bodies 
going together, will moye. | ! H sil 

Remembring, what has been faid in this Lecture, it will alfo be ealy 
to fhew the Effect of the Congre/s of elafiick Bodies. Fig. 7. | 

AB4&a isa Parallelogram in which, are drawn the Diagonals A 4 and 
and Ba; and the Angles which the Diagonals make, are divided into 
two equal Parts-by the Lines L/ and DE; fo that the Lines AB, BE; 
and C/ are equal, as alfo the Lines AL, BL,,DC, EC. Now let 
A and B be two equal elaftick Bodies meeting at C in: the Directions, 
and with the Velocities AC, BC. I fay, that. after the Stroke they 
will go to aand 4 refpectively, the Angles of Incidence ACD, and 
BCE, being.equal tothe Angles of Reflection DC a, EC4, each to 
each. Since the Forces A.C and.B C, muft be) refolved. each into the 
two AD,;AL, and BE; BL; firft, the fame thing will happen as if 
the Bodies had met at C, with the equal and contrary Forces DC and 
CE ; from whence (by the Rules of the Congrefs of elaftick Bodies) 
A muft have return’d with its own Velocity to D,and the Body B to E: 
Then taking the Bodies fingly, we fhall find that befides the Force 

which 
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which the Body A has to. bring it back to’ D by the Reftitution of B, Led. VI. 
it has alfo the whole Force A.D, which is not deftroy’d, but transferred bari) (iad 
to C/ its equal and Parallel; whence the faid Body A aéted upon by Fine 
the two Forces CD and C/ muft move in C a, the Diagonal of the Pa- 
rallelogram D/. | After the fame manner the unimploy’d- Force of B 

(wz. BE) being transferred to C4, B will move in Cé the Diago- 

nal of the Parallelogram E/, by the Adtion of the joint Forces C E, 

© i, 

B ur if the equal elaftick Bodies come together obliquely with diffe-* Plate 4: 
rent Forces, for Example, A * has the Velocity AC, and B the Velocity Fig: 8 
BC, the Angles of Incidence and Reflection in each Body will not be 
the fame before and after the Stroke; for the Body which has moft Mo- 
tion before the Stroke, will have its Angle of Reflection greater, and its 
Momentum lefs than before the Stroke ; and that which had leaft Mo- 
tion before the Stroke, will have its Angle of Reflection lefs than that 
of Incidence, but its Momentum greater than before the Stroke. ACD 
is the Angle of Incidence of A before the Stroke, and the greater Angle 
DCa its Angle of Reflection, and C a lefs than A Cits Momentum ; 
whilft BCE (==A CD) is the Angle of Reflection of B before the Stroke, 
and the lefs Angle E C dis the Angle of Reflection of B after the Stroke, 
and Cé greater than BC its Momentum. 


DEMONSTRATION. 

THe Body A confider’d as acted upon by the two Forces AD and 
AL, ftrikes B at C only by the Force A L equal to DC, as if it came 
in the Direction and with the Velocity DC. The Body B confidered 
as acted upon by the two Forces BH and BF, ftrikes A at C only by 
the Force BH equal to F C, as if it came in the Direétion and with the 
Velocity FC. Now by the Reftitution of the Bodies (according to the 
Rules and Experiments already explain’d) they muft interchange Velo- 
cities with each other in contrary Direétions, fo that A will go back to 
I with the Velocity CI equal to CF, and B will go back to E with 
the Velocity CE equal to CD. Now let us take in the two Forces 
unimploy’d before the Stroke, w/z. AD and BF. We will firft confi- 
der them in the Body A, transferring A D to C/™ Complete the Paral- 
lclogram I/ by drawing Ia and /a. Now A is aéted upon by the two 
Forces CI and C/, therefore it will go in the Diagonal Ca of the Pa- 
rallelogram I /, where the Angle of Reflection D Ca is bigger than the 
Angle DCG, and confequently than its equal AC D the Angle of In- 
Aas And the Diagonal Ca expreffing the Momentum of A after 

ox, Ii. Rp 
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Leét. VI. the Stroke, is thorter than CG (becaufe of CI lefs than CD) equal to 
Nerv CA expreffing the Momentum of A before the Stroke. In like man- 
ner it may be fhewn that B after the Stroke will be refleéted in the 
Line C4, fo as to: make the Angle of Reflection E C4 lefs than the 
Angle of Incidence BC F; and to have its Momentum C4 after the 


Stroke greater than the Momentum BC, which it had before the 
Stroke, | L an fl 


The End of the Stxtu Lecture. 
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ANNOTATIONS upon the Sixth Lecture. 
t. [1. The Doctrine of the Congref: of Bodies, &c—is Jo extenfive, 8c] 


LL forts of Machines which are mov’d by Wind or Water, até Annotat. 
govern’d by Rules deduc’d from the Congrefs of Bodies, elaftick Le&. VI. 
or not elaftick, acting upon one another directly or obliquely; with eam 
con{piring, or contrary Motions. Thofe who underftand me- 

chanical Principles, and the Theory of Engines, will eafily find how to apply 
the Principles to.all Shipping, froma Man of War toa {mall Boat ; to Wind- 
Mills, whatever kind of Work they are to perform, as alfo to Water-Mills, 
whether. over-fhot or under-fhot; to all Works where Percuffion is ufed, as 
forging and battering by Engines, and to driving of Piles into the° Earth) 
whether under Water or above 3 and many more Machines which do not 
occur to me at prefent : Nay, there may be many new Machines invented 
depending on the Laws of the Congrefs of Bodies, “But as it may be expected 
that I fhould be more particular, I will here thew how the Water a@s upon 
the under-fhot Wheel of a Water-Mill by the Rules of the Congrefs of Bodies, 

Let us fuppofe W A the Height of the Water in an under-fhot Mill-Dam, Plate 4. 
the Penftock being open’d at A, fo as to have an Aperture of a fquare Foot, Fig. 9. 
whofe Center is 13 Foot below the Surface: the Force of the Water coming 
out at the faid Opening E F (whofe Center is A) to ftrike the Ladle-Board 
B of the under-fhot Wheel V D BC, is to be confider’d as the Weight of a . 
Pillar, or Body of Water, whofe Bafeisa {quare Foot, and Height 13 Foot, 
which will be equal to about 806 Pounds Averdupoids, ftriking againft the 
Ladle-Board B with the Velocity with which the Water iffues out at A. Now 
Jet us fuppofe the Work to be done by the Wheel, the FriGtion of the whole 
Machine, and Refiftance of the Air, to be equal to the Weight w, equal to 
806 ib. hanging at the Circumference of the Wheel : What elfe will be the 
Operation of the Water upon the Wheel, but the Conegrefs of two Bodies 
without Elafticity, as mention’d in the Congrefs of the Balls A and B, in 
N° (32) of this Le@ure, Plate 2. Fig.6. for here the Wheel is as a Body 
of 806 ib. fufpended at B, and the Water is as a Body of the fame Weight 
moving from A to B with a certain Degree of Velocity. After the Shock, 
both will go on with half the Velocity of the Percutient. Had the Refiftance 
of the Wheel, on account of the Geer in the Mill, and Work to be done, been 
greater, then the common Velocity of the Water and the Wheel after the 
Percuffion had been lefs, Now, tho’ there be by the Stroke of the Water a 
hew Percuffion every Inftant, the Comparifon ftill holds good becaufe, as 
the Work of the Mill is doing, there is alfo a new Refiftance every sitet 
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Annotat. Had the Wheel not been loaded at all, the Water would have been fome 
Lect. VI. little time in putting the Parts of the Wheel in motion ;. but when_once it 
Ley had receiv’d its Motion, it would have kept it, and gone very near as faft as 


hi SN 


_ acting, upon its Solids by its Matter and its:Velocity. © | 


the Water flying round before it, being check’d only by the Refiftance of the 


Air, and a‘little Friction of the Gudgeons. In this way the Phenomenon 


would have been as when a-percutient Body: ftrikes, and carries with. it an- 
other much lefs than itfelf. I fhall in my Hydroftaticks confider this Subject 
fully, and fhew wherein confifts the Perfection of an under-fhot Mill. What 
Ihave faid here is fufficient'to fhew the Truth of what I have laid down, ef- 
pecially when we confider that the Wind, or Air, is a Fluid like Water 

[5.—Mention them in the Notes; not as true, but probable Caufes.) The 
mutual Attraction of fmall Particles of Matter, and mutual Repulfion of others, 
have been already fhewn*. Attraction and Repulfion feem to be fettled by 
the great Creator as firft Principles in Nature; that is, as the firft of fecond 
Caufes ; fo that we are not folicitous about their Caufes, and think it’ enough 
to deduce other things from them. If Elafticity was admitted as a firf’ Cau/e, 
(as it is-by fome), it is thought we fhould admit of too many principal Caufes 
in Nature, which is contrary to the Rules of good Philofophy */ Philofo- 
phers therefore have endeavour’d to deduce Hlafticity from Attraction, or 
from Repulfion, or from both. It is obferv’d, that the fame: Particles that 
repel each other ftrongly, will attract other Particles very ftrongly'; as ap- 
pears by many. Chymical, Diffolutions, efpecially by the alternate Diflolution 


-,and Precipitation of Metals in acid Menftruums. : The reverend’ and learned 


Dr. Hales has, prov’d. this many Ways, in his Vegetable Staticks and! Hema- 
ficks. . The Elafticity of Air feems to confit wholly inthe repulfive Power of 
jts Particles; which do not touch one another while the Air is in its elaftick 
State 3 and'if thofe Particles be brought nearer and nearer together, the Effect 
of their repulfive Force will increafe, the Air’s Elafticity being always pro- 
portionable to its Denfity by Compreffion,. which Property will be-preferv’d, 
tho’ comprefs’d Air be kept a Year or two ;/notwithftanding Mr. Hauk/bee, in 
his. Phy/fico-mechanical Experiments, fays, that Air willlofe Part of its Spring 
by being very much comprefs’d. But the Air with which he-try’d it muft 
have been All’d with moift Vapours, and it is well known-that the Steam of 
Liquors will lofe its Elafticity,: efpecially where its Heatdecays. I have kept. 
feveral Wind-Guns ftrongly charg’d for half.a Year together, in which the 
Aix had lof none of its Elafticity : others-have found the Air as ftrong after 
a Year; and I have been told by a Perfon of Credit, that a’ Wind-Gun-hav- 
ing been laid by and forgotten for feven Years, when it was found, difcharg’d 
its. Air.as many Times, and with as much Foree asit'ufed to do; nay, and I 
have read thata Wind-Gun has remain’d fully charg’d 162¥Years.. Now, tho’ 
Air comprefs’d. by any external Force does alway’s increafe in Elafticity, as it: 
diminifhes in Bulk ; yet it may by-Fermentation diminifh its Bulk very much, 
without gaining any: more Elafticity : For if another Fluid, whofe Parts repet 
one another, but attract the Parts of Air; be mix’d with Air, the i a 
X ; 0) 
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of any two Particles of Air will be diminifh’d, in proportion as a Particle of Annotat. - 
the other Fluid infinuating itfelf between them, attracts them towards itfelfon Le&. VE. 
either fide. The fame thing will happen to the other Fluid in refpe@ of the —~——~ 
Particles of Air, which, mixing with its Particles, do in the fame manner de- 

ftroy their Repulfion. Thus, if we allow an Attra@ion ftrong enough be- 

tween the Parts of ‘two elaftick Fluids, it is poffible, that by Fermentation a 

Solid may be made out of two elaftick Fluids, which would have ftill conti- 

nued fluid without fuch a Mixture. We are taught. by Chemiftry to mix: 

Fluids together; which immediately coalefce into a Solid. When Brimftone 

Matches are burning, the Effluvia of the Sulphur repel each other to great 
Diftances; as:may be known by the fulphureous Smell upon fuch an Occafion: 

Now tho’ thefe Particles repel each other, they attra the Air very ftrongly,' 

as appears by the following Experiment. 

TAKE a tall Glafs Receiver, clos’d at top with a Cock, holding about: 
four Quarts of Air, and having put its open End over a Bundle of Brimftone - 
Matches on fire, ftanding up in the middle of a large Difh with Water in it,’ 
(to keep the Air from coming in at the bottom of the faid Receiver) you will 
ebferve, that not only as foon as the Matches are burnt out, but a good while 
before, the Air, inftead of being expanded by the Flame of the Brimftone,. - 
will retire into lefs Compafs, the Water beginning to rife from the Difh up 
into the Receiver, and continuing fo to do till fome time after the Matches 
are burnt out ; fo that there will be in the Receiver only three Quarts of Air, 
inftead of four, (more or lefs, in proportion to the Quantity of Brimftone 
burnt :) And this plainly happens by fome of the Effluvia, or little Parts of 
the Sulphur attracting fome of the Particles of the Air, fo as to make an une: 
elaftick Compound that precipitates into the Water. If the Elafticity of the 
Air is quite loft when the Repulfion of its Particles is taken off, or fufficiently 
counter-acted, it muft follow, that its Elafticity depends upon Repulfion : And: 
that this is often the Cafe, appears by a great number of Dr. Hales’s Experiments, - 
of which I’ll mention but a few. The Doctor took half a Cubic Inch of Deer’s 
Horn, and having put it into his Gun-Barrel Retort, he diftill’d out of it 1 17 
Cubic Inches of Air into a large Glafs Bottle, th: Weight of which Air, to- 
gether with the Athes of the Horn left, weigh’d as much as the whole Quan- 
tity of the Horn did at firft. Now the Air had been-confin’d in that Horn, to- 
gether with many fulphureous-Particles, in fuch manner, that the mutual At-: 
traction of the Sulphur and the Air had alternately deftroy’d each other’s re-: 
pulfive Force, and brought thofe Subftances into. a little Compafs; but the ° 
Bire in the Diftillation feparated them from each other, fo as to reftore them in: 
agreat meafure to their ufual Elafticity. This: appear’d by bringing'a Candle: 
near the Mouth of the Bottle:that held this reviv’d Air for every.time the 
Candle was brought near, the Air took fire, and. flafh’d out of the Bottle with: » 
afulphureous Smell. The Air may-be confolidated in many hard Bodies, fo-° 
as to be there quite void of Elafticity, and there do the Office of a Cement, till °° 
by the Action of Fire, or fome particular Fermentations, it is again reftor’d to- 
its perfectly elaftick State. This is the Meaning of the Doétor’s Words, when - 
he fays, that fome Bodies ad/orb, and others generate Air; and the fame ea | 
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dies do fometimes abforb, and at other times generate Air. He found more 
or lefs Air in almoft every folid Subftance that he try’d; but what was moft 
remarkable, he found that the Calculus humanus (or Stone taken out of a Man’s 
Bladder) was made up of about two third Parts of Air. 

Some have endeavour’d to folve Elafticity by Attraction only; as for ex- 
ample, if the String A B (Plate 4: Fig. 10.) be confider’d as made up of 
Particles lying over one another in the manner reprefented at ADB; it ts 
plain that if the Point D be forcibly brought to c, the Parts will be pull’d 
from each other, and when the Force that ftretch’d the String ceafes to att, 
the Attraction of Cohefion (which was hinder’d before) will take place, and 
bring back the String to its former Length and Situation, after feveral Vibra- 


tions. Now, tho’ this feems to agree pretty well with the Phenomena of a_ 


String in Motion, it will by no means folve the Elafticity of a Spring faften’d 
at one End, and bent either way at the other, like a Knife or Sword-Blade, 
asin Fig i: *, For if fuch a Spring be bent from A to a, the Particles on the 
Side C, which now becomes convex, will be farther afunder at F, while the 
Particles at D, carried to the concave Part E, will come clofer together: So 
that the Attraction, inftead of making the Spring reftore itfelf, will keep it 
in the Situation in which it is, as it happens in Bodies that have no Elafticity, 
where perhaps only Attraction obtains. Thus a Plate of Lead, a Plate of 
Copper, and a Plate of foft Iron ftands bent. | 

But the moft probable way of folving the Elafticity of Springs, is, to con- 
fider both a repulfive and an attractive Property in the Particles, after the 
manner of the black Sand, which isattracted by the Load-ftone, and has been 
fhewn by the learned and ingenious Profeflor Petrus Van Mufchenbroek to be 
nothing elfe but a great number of little Load-ftones, | 

Let us fuppofe a Row of round Particles * touching one another only in 
the Point ¢ ina Line from Ato B. It is plain, from what we have faid in 
our firft Volume concerning the Attraction of Cohefion +, that upon the leaft 
Shake or Alteration out of the Pofition of a ftrait Line, thefe Particles will run 
together, and form a Sphere, in which the Globules will have morePoints of 
Contacé. But if thefe Particles have Poles like Magnets, in the oppofite Places 
mark’d 7, s, fo that all the Poles”, , 2, €Sc, repel one another, and all the 
Poles s, 5, 5, €8c. do likewife repel one another, the Line A B will continue 
ftrait; for if by any Force the faid Line B A be put into another Pofition, as 
into the Curve 6a, then the Poles, x, &c. being brought nearer together, 
(while the Poles s, s, €@c: are farther afunder) will repel one another more 
ftrongly, and thereby hinder the Globules from running together towards the 
concave Part, and the Spring left to itfelf (all this while fuppofing one End, 
as 5, B, or @ fix’d) will reftore itfelf, throwing its End @ back to A, and fo 
on to a by the firft Law*: then being in the Pofition «8, the Poles s, s, &c, 
are brought nearer together, whofe Repulfion thus increas’d throws back « 
to A, and fo on forward, the Line of Particles performing feveral Vibrations — 
round B. 

May net a Spring of Steel, or other Springs, confift of feveral Series of 
fuch Particles, whofe Polarity and Attraction acting at the fame time, will 

fhew 
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fhew why fuch Bodies, when they have been bent, vibrate and reftore them- Annotat. 


felves ? : Let. VI. 
Ir we take a Plate of Steel, and make it fo hot till it looks white, and then Gyre 


immediately quench it, we thereby fix the Metal in a State very near Fluidity, 
fo that the Particles which the Fire had almoft brought to Roundnefs, have but 
a very {mall Contact, as appears by the Fragility of the Steel thus harden’d, 
which breaks like Glafs, and hasa fhort Grain. Steel thus harden’d is highly 
elaftick 5 for what Workmen call ard is the moft elaftick : as appears by the 
Congrefs of high harden’d Steel-Balls, which return, in their Rebound, the 
neareft to the Place we let them fall from, and, next to Glafs, have the quickeft 
Elafticity of any thing we know. 

THAT we may not be thought to have given an imperfect Account of the 
Elafticity of a Steel Spring, becaufe fuch an one as we have defcrib’d wants 
Toughnefs, and will immediately fy when bent to any Degree: we mutt beg. 
deave to confider farther the Properties of the round Particles, or little Spheres 
of Steel in which we have fuppos’d a Polarity. 

Le? us fuppofe A andB (Plate 5. Fig. 1.) to be two little Spheres, or plate ¢. 
component Particles of Steel, in which at firft we will fuppofe no Polarity, Fig. «. 
‘but only an Attraction of Cohefion. Then, whether the Particles have their 
Contact at c,d, e, ‘”, or ato, 2, 5, their Cohefion will be the fame, and the 
‘Teaft Force imaginable will change their Contact from one of thofe Points to 

another ;' becaufe in the rolling of thefe little Spheres they do not come into 
more or Jefs Contact in one Situation than another. But if we fuppofe the: 
Point # in each Spherule to be a Pole with a Force to repel all the other Points: 
# in any other Spherule; and likewife s, another Pole repelling the other 
“Points 5; the Spherules will cohere beft, and beat reft in that Pofition where 
the Points ¢ c are in Contact, and and s at equal Diftances on either fide. 
“For if the Spherules be turn’d a little, fo as to bring the Points d, d, into: 
Contact, as in Fig. 2 *, the Poles 2, ”, being brought nearer, aé& againit * Plate 5:. 
each other with more Force than the Points s, s, which are now farther off, Fig. 2. 
and confequently drive back the Spherules to the Conta@ atc, c, beyond 
‘which continuing their Motion, they will go to 3, (Fig. 3.) and fo back- Fig. 3. 
wards and forward, till at laft they reft at ¢, ¢, which we may call the Point 
“of Equilibrium for Ret in a Spring.. Now there are befides this two other 
Points of Aquilibrium, beyond which the Spring may break, which are the 
Points ¢, ¢, towards m, and «, « towards 5, (fee Fig. 47.) that is, when they Fig. 4 
Spherules have their Poles , » brought very near together, the mutual Re- 
pulfion increafes fo, that the Attraction at the Contact is not able to hold them, 
and then they muft fly afunder, the Spring breaking. We fuppofe the Points 
e, é¢, to bethe Points of Contact beyond which this muft happen; but that if. 
the Contact be ever fo little fhort of it, as between e'and 4% the Spherules will. 
return to their Conta¢t at ¢, after forne Vibrations beyond it, “as has been al- 
teady faid. Thisis the reafon why] call e, (in one of the Spherules) and its 
correfpondent Points, on the other Side c, the Points of Aéquilibrium ;. for if 
the Spring be bent toward @, (Plate 4. Fig. 12.) fothat the Spherules like A Plate 4. 
and B, (Plates. Fig. 1.) touch beyond ¢, the Spring will break : spond Rah 23 
the. 
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Annotat/. the Spring be bent the other way, till the Spherules touch ‘beyond ¢,, thenit — 
Le&. VL will break the other way. Now when the Spherulestouch at ¢, ¢, or atest, 
wy _ the Spring is as likely to return to its firft Pofition as to break ; for which 


: Fig. 1. 
Fig 5. 


Fig. 6. 


Reafon I have call’d the Points e and s, Points of quilibrium, as alfo ha- 
ving known by Experience, that a Spring left bent to a certain Degree has, 
after fome time, broke of it felf. | 
From all this it appears, that fpherical Particles will never: make a tough 
Spring 5 therefore the Figures of the Particles muft be altered, in order to 
render it ufeful’; and this is what is done in bringing, down the ‘Temper of the 
hard Steel, and Jetting down a Spring, as it is called. . What Change ought 
to be made in the Particles, we fhall firft fhew ; and then confider how far 
that is done by thofe who make Springs. | 1 TAH’ 
Ir-the Parts fuppofed globular, as in Fig. 1, are now flatten’d at ¢ where 


the Contact is, fo as. to put on the Shape md ds (as in Lig. 5.) the,Contact 


will be much increas’d, and reach from d to 4, fo that in bending the Spring 
there will {till remain 2 great Contact in the Particles, and the Points of » Ai- 
quilibrium for breaking (viz. ¢, @ above, and «, « below) will be removed 
nearer to the Poles”, or s, than when the Particles are round );, the .confe- 
quence of which will be, that the Spring muft be bent much. farther .to be in 
danger of breaking than in the former Suppofition, .as.may be feen in Fig. 
6. where two Particles being» open’d, about the Point d asa Center,, the,at- 
tracting Points ¢, ¢, and , 2 have ftill fome Force to. help tobring back,the 
Particles to their whole Conta; becaufe in this Shape of the -Particles,.the 
attracting Points c, c, 3,2 are removed but in Proportion to their Diftance 
from the angular Point d; whereas if the Particles had been fpherical, and 
the Line dd an Arc of a Circle, the attracting Points c, ¢, and 3, d wou’d-have 
removed. from one another farther than in Proportion to twice the, Square, of 
the Diftance from d (as in Fig.2.) and fo have afforded very, little. help,.for 
bringing back the. Particles to their Contact. ..A Row of Particles in,the 


_ Spring thus confider’d, is to be feen in the natural State at BA, Fig. 7./and 


bent at da inthe fame Figure. Here it isto be obferved, that if in this Fi- 
gure of the Particles you wou’d bend the Spring to bring the Particles to 


‘touch at their Point of breaking Aiquilibrium, you muft open them fo. much 


on the contrary fide, that the. Spring will be bent far beyond any Ufes in- 


tended to be made.of it, as appears by Fig, 8. where two Particles are brought: 
_to touch at the equilibrating Point ¢,.and by Fig. 9. where. many Particles 
-being put into that Condition, the Spring 1s brought round quite into a 


Circle. ; 
N ow the common Praétice in making Springs, is the moft likely to pro- 


duce this Effect required in the Particles ; for the hard Spring whofe Parti- 


«cles were round, or nearly fo, is heated a-new, and whilft it is cooling gently, 


the mutual Attraction increafes the Contact, fo that the Particles grow flatter 
in thofe. Piaces where before they had but a {mall Contact ; and left this Con-— 
_ta& fhould become too great, the Spring’s foftening is ftopped by quenching 


it in Water, or Oil, or Greafe. Another. way of making Springs, is to begin 


_,and fhape. them. in cold unelaftick Steel, and then having heated them to a 


{mall 
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fmall Degree, for example to'a blood-red Heat, immediately ‘to cool. them Annotat, 
in fome proper Liquor. This alfo-fettles the Particles in their oblong’ Figure; Leét. VI. 
thro’ which they muft pafs before they become round, or nearly fo, in a —\—— 
white Heat. That Particles of Steel are fixed in the Figures which they have 
at the Inftant of dipping, will not appear ftrange when we confider that dip- 
ping red-hot Steel in cold Liquors in a particular Pofition,makes it magnetical. 
If it be afk’d, how we account for making Springs only with hammering, 
it is eafily anfwered, that we can make Iron and Steel magnetical only with 
hammering 3 and if we can give and deftroy Poles in the whole Piece, there 
is no improbability to think we can give Poles to little Parts ; or rather bring 
into a particular Situation the Poles which they have: for if the Poles that 
we have confider’d be placed quite irregularly, there will be no Elafticity at 
all. Agreeable to this, Springs may be made of other’Metals than Iron 6r 
Steel, tho’ not fo perfect, by hammering ; for it will be fufficient for the little 
Particles to have Poles that attra& and repel one another, driven by the 
hammering into a regular Order. 
NB. This applied to the Vibration of a String, will better folve its feveral 
Cafes than Attraétion alone sand the Elafticity of Glafs is juft the fame as that 
of a very brittle Steel Spring. 


2. [11. —Why Glafs is fooner broken within than at the Surface, and—that Plate x. 
broken Part becomes vifible and fhining,| In Number 10. of this Leéture (Plate Fig. 3. 
1. Fig. 3.) we have confider’d the Particles of Glafs lying.in equidiftant Szrara, 
as fo many Strings reprefented by the Lines AB, which being ftruck at D, 
are inflected towards C, as the pointed Lines reprefent. Now we mutt ob- 
ferve, that the longer Strings are, the flower are their. Vibrations, and 
confequently the weaker; fo that if there be any Force applied to hinder a 
bent String from returning to its ftreight Pofition, tho” it be infufficient to- 
effect it in a fhort String, it may in one that is longer: andthe fame Rea- 
foning may be applied to longer or fhorter S¢rata in the Glafs. For Example, 
in the Ball ABDC, if by the Stroke given at D, which caufes all the Sirata 
AB to be bent into the Curves reprefented by the prick’d Lines, one of the 
longeft of them as A B above C being bent into the Line A C B, be attracted 
‘more ftrongly by the Stratum immediately below it, namely by AB under 
C, it will remain in that Place, (viz. at ABC) whilft the other Strata return 
to their former Situation A B, AB, €9c. fo that there will be an Hollow from 
ACB to'that Stratum AB, which is the fecond above C. This making a 
great Opening between two Strata in the Body of the Glafs, is the broken 
‘Part that we fee. But how we come to fee it, or how the Glafs in that Place 
lofes its Tranfparency, cannot be explain’d without the Knowledge of fome 
Properties of Light firft difcovered by Sir J/aac Newton. We read in his Opticks 
that Rays of Light, in refpect of tranfparent Bodies, have Fits of eafy Tranfmif- 
fion, and Fits of eafy Reflettion. We thall not ‘fo far anticipate upon Opticks 
here, as to thew what puts the Rays of Light into thofe Fits, and that Rays 


differently refrangible have a different Number of thefeFits in the fame Space. 
Vou. Il, G It 
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Annotat. It is only neceflary for our purpofe to thew whatis meant by the Expreffion, 
Leé&. VI. and:to apply the thing to the prefent Cafe. 
LZYNY = T Ho’ a Ray of Light has fome hundreds of thefe Fits in going tlre 


Plate 5. 
Fig. 10¢. 


Plate ¢- 
Fig. 11. 


&<Fig. 12. 


fpace of an Inch (See Sir [aac Newton’s Opticks,) we will only now fup- 
pofe five or fix. Let ABGH (Plate 5. Fig. 10.) be a Body of Glafs, in 
which we fuppofe the Strata to be AB, CD, EF, GH, and Le, RS, TI 
to be incident Rays of Light in which the Letters rand ¢ mark the Fits of 
eafy Reflection, and the Fits of eafy Tranf{miffion, the laft being alfo diftin- 
guith’d by little Strokes acrofs, while the other are fhewn by large Points. The 
Ray Le (whofe Fits 7, t,7, ¢ we take no notice of, whilft it is above the- 
Body of Glafs) at the Surface, or firft Stratum of the Glafs, is in a Fit of: 
eafy Reflection, and therefore will be reflected by the firft Stratum A B, fhew-. 
ing by its reflected Ray e/the Point of the Surface at e, or rather any Ob-. 
jects that might be in the Line Le, toan Eye at /. But if we confider the - 
Motion of the Ray R S, which happens to be in a Fit of eafy Tran{miflion at 
the Surface of the Glafs, or firft Stratum A B, it will pafs thro’ that Stratum ; . 
then its next Fit being a Fit of eafy Reflection, becomes ineffectual, becaufe - 
where it is, there is no Stratum of the Glafs to reflect it: The next Fit happens - 
at the fecond Siratum CB; and as it isa Fit of eafy Tranfmiflion, the Ray goes - 
thro’; and the next Fit of eafy Reflection becomes ineffeftual, becaufe it - 
happens between the fecond and third Stratum: Sothe Ray goes on, .and 
with its next Fit of eafy Tranfmiffion paffes thro? EF the third Stratum, . 
The next Fit of eafy Reflection falling between the Strata .is-ineffectual, and 
therefore the following Fit of eafy Tranfmiflion carries the Ray thro’ the laft 
Stratum GH, and fo out of the Glafs. But if this laft Stratum had by - 
any means been difplaced and brought higher, fo that it had come to that - 
Part of the Ray which was in a Fit of eafy Reflection, it would have re- 
fle&ted the Ray, which in that cafe would not have gone thro’ the Glafs, . 
but have come out again on the fame fide it went in at. Another Ray 
more oblique, as TI, might go thro’ all the Body of the.Glafs in the 
manner above defcribed, and yet by being in a Fit of eafy Reflection at» 
the under Surface be reflected up again thro’ the firft Surface. Thus, if © 
you hold a Glafs Prifm (as P Pl, Fig. 11.) with one of its Surfaces: down-: 
wards and horizontal as P P, oblique Rays of Light as RN will be in their 
Fits.of eafy Reflection at the laft Stratum, or under Surface P P at. N, and be 
reflected up again towards ¢ ; but if the Angle RIN had been lefs, the Rays-. 
of Light would have pafs’d thro’ the Glafs without any Reflection. 
Now, if.a Ball of Glafs* AF BE D, whichis entire within and without, be - 
expofed to fuch a. Ray of Light as goes into it,as Rr, that Ray will pafs quite - 
thro’ it, its Fits of eafy Reflection happening always between the Strata, where : 
there is no Glafs to render them effectual. But if, by. a Blow given to the - 
Ball at F, the Strata are bent in,.. fo that. the Stratum AB is left behind be- - 
tween the next Stratum DE, and the Place where it was before; then the -. 
Ray of . Light being ina Fit of eafy Reflection juft at that Stratum, that Stra- - 
sum. will render that Fit effectual, and reflect the Ray back to G, where an Eye: 
being 
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being placed, will fee the: broken Place within the Glafs at C, which was to Annotat. 


be. explained. Lect. VI. 
etn’ ie 


There are two Sorts of Vibrations in elaftick Bodies, &c. ] 
When a String vibrates very flow, the Tremor of the Parts is not ftrong 
enough to give a Sound. It has been obferved, that unlefs it vibrates 122 
Times in a Second, it produces no Sound; and when it does vibrate 1oe- 
Times in a Second, it gives the graveft Tone or Iqwett Note: And when it 
gives the fharpeft Tone or higheft Note, it vibrates*6400 Times in a Second. 
Ais we intend to be more particular upon Sound in its proper Place, we fay 
no-more about it here. 


4. [16. CoroLuary 1. From hence it follows, that if one Body 
frrikes againft another, which is either at ref, or moves more lowly according 
to the fame Direéttion, the Sum of the Motions in the two Bodies towards the 
fame Parts, will be the fame after the Stroke as before.| Let the Body A 
move in the Direction C D. from C towards D, and let it ftrike againft ano- 
ther Body B, that is either at reft, or moves flower in the fame Direction: I Plate s. 
fay, the Sum of the Motions in both Bodies towards the fame Parts, namely Fig. 13. 
from C towards D, before and after the Stroke, will remain the fame. Let 
CD exprefs the Motion of the Body A, and if the Body B moves, let the 
right Line E F reprefent its Motion towards the fame Parts, and therefore 
the Sum of the Motions may be exprefs’d by the Sum of the right Lines C D, 
EF, Now, fince Action and Reaétion are always equal and contrary, the 
equal Forces imprefs’d towards the contrary Parts, ) will. produce in both the 
Bodies equal Changes of Motion towards the contrary Parts: If therefore the 
Motion imprefs’d on B)by the Stroke of the Body A, fhall be. reprefented by 
FG, the contrary and equal Force acting on the Body A, will take as much 
from its Motion made towards the fame. Parts ; fo that by putting D K equal 
to FG, CK will be as the Motion of the Body A, and E.G as the Motion 
of the Body B, after the Stroke or Concourfe ; and therefore the Sum of the 
Motions will be as the Sum of the right Lines CK, EG. But fince FG is 
equal to K D, if to both there be added EF and CK, then EG and CK will 
be equal to CD, EF: Whence the Sum of the Motions towards the fame 
Parts will remain the fame, both before and after the Stroke. If F Gis equal Fig. 14. 
to CD, the Point K will co-incide with C, and C K will become equal to no- 
thing ; whence after the Stroke the Body A will be at reft. But if FG is greater 
than CD, the Point K. will fall beyond-C, and the Motion of A will become Fig. 15. 
negative, or towards the contrary Parts, vz. from C towards K ; and the Sum 
of the Motions towards the Parts G, will be as EG leffened by CK: for the 
Sum of two Quantities, whereof one is pofitive, the other negative, is their Dif- 
ference. But becaufe F C=K D, let E F—CK be added to them both, and 
it will be E F-++-F G—CK : that is, EG-—CK=K D+-E F--CK, that is, 
EF+CD: Whence the Sum of the Motions towards the fame Parts; which 
is here the Difference of the Motions towards contrary Parts, before and after 
the Stroke, remains the fame. 9, £.D, ‘ 
G 2 Me Cor, 
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. Cor, Arrer the fame manner, if more Bodies moving towards the fame 
Parts ftrike againft one another, the Sum of their Motions will not be alter’d.. 


5. [16.—iftwo Bodies in contrary Dire@ions meet one another full, the Sum 
of the Motions towards the fame Parts, &c. will continue ibe fame before and 
after the Meeting, &c.| Let the Body A move from C towards D, whofe 
Motion let be exprefs’'d by CD ; but let B be moved towards the contrary 
Part, namely from E to F, with a Motion as EF: Let DH be put equal to 
EF; and CH, which is'the Difference of the Motions towards the contrary 
Parts, will bé as the Sum of the Motions towards G: I fay, the Sum CH 
will be as the Sum of the Motions towards the fame Part G after the Stroke. 
For let the Motion of the Body B after the Stroke be towards the Part G, and 


Tet it be reprefented by the right Line EG; the Fotce therefore of ‘Impulfe 


imprefs’d on B towards the Part G, will be equivalent to the Sum of the 


Motions EF, EG, and will be reprefented by the right Line FG: For by 


that Force is deftroy’d the Motion as EF, towards the Part F, and a neve 
one; as EG, is imprefs’d towatds the contrary Part G.: But fince the Force 
of Impulfe acts equally on both Bodies towards the contfary Parts, if D K is 
made equal to FG, it will reprefent the Force exercifed: on the Body’A,. to- 
wards the Part contrary toits Motion; fo that if the Motion as D K is fub- 
tracted from the Motion as CD, there will remain CK as the true Motion. of 
the Body A towards the Part G. Now fince DK is equal to FG, and DH 
égual to. FF, it willbe DK, leffened by DH, that is KH equal to FG, 
leffened by F Ey thatissE Gy And therefore fince KH 4s equal to EG, KH 
will'be‘as the» Motion of the Body B aftersthe Stroke; but’C K is as the Mo: - 
tion of the Body A, fo thatC:K, KH, ‘that is} °C H will be the Sum of the 
Motions in: both Bodies towards the PareG. Q.E.D. oo» | 
Ir FG is equal toC D, the Point K will fall on C, and then the Motion 
of A Will become equal to nothing ; that is, the Body A after’ the Stroke 
wallobé at reft; and CH will be equal 'tooE G. -But if F G is greater than CD, 
the Point K will fall beyond C towards the other Patt, and the Motion of the 
Body A will be from C towards K3 but (by reafon F G ‘is equal to DK,and 
BPE equal to DH) K His’equal to E'G : And’thetefore, if from both there 
beitaken C Ky it will bé-*CH equal to the right Line E Gy leffened by CK. 
But CH was as the Sum of the Motions towards the Part'G before the Stroke, 
and it is EG leflened by CK, \as.the Sum of the Motions towards the fame 
Part, namely, | as the Difference of the Motions towards the contrary Parts af- 
ter the Stroke, . Wherefore the Sum of the Motions towards the fame Part 
will-remain the fame before and after the Stroke. ? 


6. [17: The common Center of Gravity of two or more Bodies, 8c. is either at 
refi, (or moves uniformly ina right Line. 
. Tue firft Cafe. Let the Bodies A and B tend towards contrary Parts, 
whofe common Center of Gravity let'be‘C. By reafon of ‘the equal Quantity 


‘of Motion in both Bodies, the Velocity of the Body A will be tothe Velocity 


of the Body B, cs the Body B to the Body A; that is, (from the Nature of 
the 
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the Center of Gravity) as AC to BC: whenee the Spaces paffed over in the Annotat. 
fame time being proportionable to the Velocities, whilft the moving Body A Led. VI. 
runs through the Length AC, the Length BC willbe run through by the == 
moving Body B; fo that the Bodies will meet in the Point C, and in that 
Point will be their Center of Gravity at the time of their Concourfe; but it was 
in. the fame Point before the Concourfe, fo that it remained in the fame place. 

Ir may be fhewn, after the fame manner, that if the Bodies receded from 
the Point C with equal Motions, their Center of Gravity would have been at 
reft. 

Tue fecond Cafe. If Bodies are carried in the fame right Line towards the 
fame Part; or with unequal Motions towards contrary Parts, their common 
Center of Gravity will be always found in the fame right Line... For fince the 
Bodies do uniformly and directly recede from one another, or approach one 
another, their Diftance from one another will be uniformly increaled or dimi- 
nifhed ; and therefore the Bodies will uniformly recede from, or approach to, 
any Point, dividing the aforefaid Diftance in a given Ratio. The Diftance 
therefore of the Bodies from their common Center.of Gravity, will be uniformly 
increafed or diminifhed ; which cannot be in the aforefaid Cafes, unlefs that 
Center is either at reft, (asin the firft Cafe) or moves uniformly, as in the 
prefent Cafe. . sha giyvit ys | 

Tue third Cafe. Let the Bodies Aand B move.in the right Lines A.C, BD; Plate 6. 
and let the Spaces AC, CE, paffed over by the Body A in equal Times, be Fig. t. 
equal; and the Spaces BD, DF, paffed over by the Body B in the fame 
Times, ‘be alfo equal. , Let the right Lines AC, BD, meet in G3; and let it 
be as A C to BD, fo is AG to GH, and join ALH; to which, through C 
and. FE, let CI, EK, be drawn parallel: it, will be AC to HI, as AG to 
GH; thatis, asACtoBD; wherefore H Iis= BD, and thereforeH BD 
=ID. In like manner, CE is toIK, as AG toGH, or ACtoBD; 
that is, as CE to DF; wherefore I K is == DF, whence KF =ID=HB. 
Let L be the common Center of Gravity of the Bodies, when they are placed 
in the Points A and. B;.draw, L M_ parallel to BD 5 the right Lines A B, 
AH, will be cut fimilarly: join,GM, and let it be produced ; this will. cut 
the Parallelsto A Hin the Pomts N and.O; wiz.,in the fame Ratioas A H 
or A B-iscut. Draw through N and O, parallel to BD, the right) Lines 
ON P, OQ; thefe willcut CD, E F, in the fame .Ratio,as\CJ, E K, are: 
cut; that is, in the fame Ratioas A Biscutin L: butLis thecommon Center 
of Gravity of the Bodies when they are foundyin A and.B; wherefore P will be 
their Center, when they, are in the Points, Cand D, and Q, whenan. Band P. 
Befides, M.Lis to. H Bas. A M to AH, oras.C Nito Cl, orasN Ptol D: 
but H Band J Duare equal; wherefore ML and,N P wallbe equal: in like 
manner, NP and O Q_will,bevequal. ‘Since therefore the right Lines M\L, 
N P, OQ, are equal and parallel, the right Line drawn through’ L,. and pa- 
rallel to. M O, -will pafs through the Points P and Q3 and therefore the Center 
of Gravity will be always placed,in the right-Line .,Q. Befides, (by reafon 
of the Parallels) A.C is to;\C.FiasdM Njto N)O3;,that is, as LiP to PQ; 
wherefore: (by reafon A .Cis =,C\E) it willbe LP = P.Q,. Therefore the 
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Annotat. common Center of Gravity of Bodies is always in the fame right Line, and 
Lect. VI. : pafles over equal Spacesin equal Times. Q, E. D. 
eyed 


‘Plate 6. 
, Fig. 2. 


Tue fourth Cafe. “If the Bodies do not move in any one, but in different 
Planes, their Ways, and the Way of their common Center of Gravity muft 


-be reduced to the fame Plane, by letting fall from every Point of the Ways 
‘Perpendiculars upon any Plane; and (after the fame manner as in the pre- 


ceding Cafe) it will be demonftrated, that the Way of the Center of Gravity 
thus reduced, will bea right Line: and fince this is in any Plane affumed at 
pleafure, it is neceffary that this Way or Path of the Center of Gravity of 
the Bodies, isa right Line. Q, E. D. 

In like manner, the common Center of thefe two Bodies, and any third 
one, is either at reft, or moves uniformly in a right Line, by reafon the Di- 
ftance of the common Center of Gravity of the two Bodies, and the Center of 
the third, is divided by it in a given Ratio. And afterthe fame manner the 
common Center of thefe three Bodies, and a fourth, either is at reft, or moves 
in a right Line, by reafon the Diftance betwixt the common Center of the 
three, and the Center of the fourth Body, is divided by it always in the fame 


Ratio; and fo of any other number of Bodies. Q, E. D. 


7. [20. If two Bodies, whether equal or unequal, are carried towards the fame 
Parts, with Velocities any bow equal or unequal, the Sum of the Motions of the 
two Bodies is equal to the Motion that would arife, if each of them was mov'd 
with the fame Velocity as their common Center of Gravity moves with.) 

Let the two Bodies be Aand B, whofe common Center of Gravity let be 


-C, and let both the Bodies be carried towards D; I fay, the Sum of the Mo- 


tions in both Bodies will be equal to the Motion that would be produced, if 
both Bodies were carried towards D with the Celerity of their Center of Gra- 
vity C. For let the Body A in any given Time defcribe the Length Aa, the 
Body B the Length B 4, and in the mean while let the Way paffed over by the 


‘Center of Gravity CbeCG; and (by what we have faid) the Lengths 


Aa, Bb, CG, defcribed in the fame time, will reprefent the Celerities of 


‘the Body A, the Body B, and the common Center of Gravity C refpective- 
ly 5 but fince the Quantity of Motion in any Body is as a Reétangle con- 
-tain’d under the Quantity of Matter and the Celerity, fo the Motion in the 


Body A willbe as Ax Aas; and in the Body BasBx BJ; and the Sum of 
the Motions will be asthe Sums of thefe Rectangles, viz. as Ax Aa+Bx 
Bd. But (by the Def. of the Center of Gravity of Bodies) B Cis to A Cas 
A to B; andasAto B, foalfo (by the fame Definition) is dG toa G: where- 
fore B C will be to AC, as ’G toaG; whence [by 19 E/.5.] BC is to 
AC, that is, Ato B, aaBC —bGto AC—aG;; that is, aaCG—Bd 
toAa—CG, So that (by 16 £/.6.) AxAa—AxC G will be 
equal to Bx CG—BxBd; and therefore Ax Aa+ Bx Bd will be: 


-equalto AxC G+ BxCG: but thetwo Rectangles AxAa, and BxB4&, 


are (as hasbeen faid) as the Sums of the Motions in both the Bodies: and the two 
‘Re@tangles under A and CG, and under B and CG, will be as the Sums of 
-the Motions that would arife, if both the Bodies were carried with the Celerity 


CG of the Center of Gravity ; whence the Sum of the Motions in both Bodies 
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isequal to the Motion that would be produced, if both Bodies were carried Annotat. 
with the Celerity of their common Center of Gravity. Q, EF. D. Lect. VI. . 

Ir there are three Bodies A, B, D, carried towards the fame Part, let E/—W—~ 
be the:common Center of Gravity of thefe three Bodies ; the Sum of the Mo- 
tions inthe three Bodies will be equal to the Motion arifing from the fame Bo- 
dies; carried with the Velocity of the Point E. For let C be the common Plate 6. 
Center- of Gravity of any two Bodies A and B, the Motion in thefe two Bo-Fig: 3- 
dies (by what has been demonftrated before) will be equal to the Motion that 
would arife, if the Bodies coalefced in one were carried with the Velocity of the 
Point C; but alfo the Sum of the Motions (viz. the Motion of the Bodies fo 
eoalefcing, and the Motion of the third Body D) will be equal to the Motion 
which would happen, if the Body coalefcing out of the two was moved toge- 
ther with the third Body D, with the Celerity of the Point E; whence the 
Theorem holds alfo in this Cafe. 

Tue Demonftration is the fame, if the Bodies do not move in the fame : 
right Line, but in Parallels, or alfo in Lines any how inclined. But in this 
Cafe it muft be obferved, that the Celerity of the Bodies, wherewith they are 
carried towards the fame Part with the Center of Gravity, is not to be reckon’d — 
by the Way which they really pafs over, but only by the Way wherein they 
move according to the Dire¢tion of the Center of Gravity. For example, if two 
Bodies A and Bare carried in the right Lines A az, Bd, and CG is the Line plate 6. . 
deferibed by the common Center of Gravity, whilft the Bodies pafs over the Fig. 4. - 
Lengths A 4, B2, and from the Points A, a, B, 4, let fall the Perpendicu- 
lars AF, ag, BH, 4 K upon the right Line, CG.» Now the Spaces which 
the Bodies pafs over according to the Direétion of the Point C, are not A a, 
B?, which are the abfolute Spaces defcribed by them ; but the Space according 
to which.the Body Ais moved towards the Part D, and muft be computed in 
the right Line F D, by the Length F g; for it moves fo much, and no more, 
according to the Direction of the Point C. In like manner, the Space accord- 
ing to which the Body B is moved towards the PartD, is H K; and by that 
Space its Progrefs in the right Line H D.is to be reckoned : fo.that the Cele- 
rities of the Bodies wherewith they are carried towards the fame Part, are as 
the right Lines F g, HK; befides, A is toB as BC to AC, or (by reafon - 
of the equi-angular Triangles AC F, BCH) as H.C to FC: whence the. 
Demonftration will proceed as in the firft Cafe. 


THEOR. 

8. [21. If two Bodies are carried towards contrary Parts, the difference of 
the Motions towards contrary Parts, or, (which is the fame) the Sum of the : 
Motions towards the fame Parts will be equal, &c.] | 

Lert the Bodies be A and B;.whofe Center of Gravity let be the Point C, Plate 6: 
and let the Body A move from A towards D,.and the Body B towards the Fig: s: 
contrary Part from B*towards E;,. let the Spaces defcribed by the Bodies A, B, ; 
and Center C in the fame time, be Az, Bd, C G: thefe (by Theor. 6.) will - 
-reprefent the Velocities of the Body A, the Body B, and Center of Gravity C 
refpectively ; whence the Motion.of the Body A isas A x A.a@, and the Mo 

tlon 
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Annotat.’ tion of the Body Bas B.x B23 fovthat the Difference of the Motions will be 
Le&. VI.:. Ax A a—Bx Bd. Moreover, from the Nature of the Center of Gravity, 
Gent BC isto AC as Ato B; andas Ato B, fo will be ’GtoaG: wherefore it 

will beas BC to AC, fosGtoaG. Sothat (by 19 £75.) BC will be 
to AC, that is, AtoB,asB C--2Gto AC—<aG;; that is, A will be to 

Bas BO4+.CB,to A.a —C G¥ wherefore (by 16 £/. 6.) the Rectangle under 
AandA @—CG willbe equal'to the Rectangle under B and Bb +CG; 
that is, Ax Aa—AxCG=BxB4+BxCG: whence it will be Ax 
Aa—BxBb=AxCG+BxCG; but AxAa—BxBbis as 
was faid before) the Difference of the Motions towards the contrary Parts, or 
the Sum of the Motions towards the fame, and Ax C G+ Bx CGis the 
Motion emerging, if both the Bodies fhould be carried with the Velocity of 
their common Center of Gravity ; whence the Propofition is manifeft. 


| Cor. 1. 
Ir the Difference of the Motions towards the contrary Parts is equal to no- 
thing ; thatis, if in both the Bodies the Quantities of Motion are equal, the 
common Center of Gravity in this Cafe will be at reft. | 


Cor, 2. 

Ir there ate {everal Bodies, either all carried towards the fame Parts, 6r 
fome towards the ¢ontrary Parts ; the Sam of the Motions of all towards the 
fame Parts will be the fame, as if all were carried towards the fame Part with 
the Velocity of the common Center of Gravity of them all. 


Cor. 3. 


Tue Motion therefore of many Bodies is to be reckoned from the Motion 
of the Center of Gravity, and:their Syftem will proceed forwards, or go back- 
wards, afcend- or defcend: as much, as their common Center of Gravity pro- 
ceeds forwards, or goes backwards, afcends or defcends, 


g. [25.—A general Solution of this Problem is given by a Calculation in the 
Notes.| Let the Velocity of the Body A be call’d C, and the Velocity of the 
Body B bec; and if the Bodiesare mov’d according to the fame Direction, 
the Sum of the Motions in both towards the fame Parts will be AC + Be: 
but if they are mov’d towards contrary Parts, the Sum of their Motions to- 
wards the fame Parts will be A C—:Bc., but in all Bodies, the Sum of their Mo- 
tions towards the fame Parts is the fame before and after the Impulfe: wherefore the 
Motion of the Bodies after the Impulfe will be either AC-+- B cor AC—Be, 
according as the Bodies did tend towards the fame, or contrary Parts. ‘There 
is therefore given the Momentum of the Bodies carried with the fame Velocity, 
whence their Velocity will likewife be known; namely, dividing the -Mo- 
mentum by the Bodies themfelves, and the Quotient will give their Veloci- 
ties, viz, BEHB* or ACHES. and if Bis at reft, that is, if cbe ‘put 
Sho AB os Oke | , , : 

AC : 

AFB 


equal to nothing, the Velocity. of the Bodies will be | 
| 10, [31- 
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10. [31.—Pendulous Bodies, &c. their Shock will bardly agree with the Mafs Le&. VI. 
multiplied into the Square of the Velocity, and the known Laws of the Congre/s, 
&c.] The Queftion to be decided here, is, whether the o/d or the new Opi- 
nion concerning the Meafure of the Force of Bodies in motion is moft agree- 
able to the Phenomena of the Congrefs of Bodies. 

Nor to give the Reader the Trouble of going back to the firft Volume, I 
beg leave to repeat here, that the old Opinion is, that the Ma/fs multiplied 
into the Velocity is the Meafure of the Force of a Body in motion: and the 
new Opinion is, hat the Ma/s mujft be multiplied into the Square of the Velocity, 
to give the Meafure of that Force. 

I Have for many Years confider’d this Queftion, and the more I examin’d 
other People’s Experiments and Demonftrations, as wellas my own, made in 
favour of the old Opinion, the more I became confirm’d in my Belief of it: 
and yet, as I was always refolv’d to be impartial inthe Cafe, I likewife ex- 
amin’d the Experiments and Demonftrations in favour of the new Opinion, 
and found moft of them to be true, as far as I could judge of them 5 but being 
certain of the Truth of the old Opinion, I imagin’d that there muft be fome 
Fallacy or Paralogifm in the Experiments and what was given as Demontftra- 
tion by the adverfe Party, which I had overlook’d: efpecially when I really 
found fome few of their Experiments to be inconclufive, and fome of the De- 
monttrations not fair. I fuppofe on the other hand, that fome very impartial 
Gentlemen on the other fide of the Queftion, fully convine’d by the Experi- 
ments and real Demonftrations for their Opinion, who could not but acquiefce 
in moft of our Experiments and Demonftrations, did ftill retain their Opinion 
for the fame Reafon, and alfo that they found fome of our Experiments in- 
conclufive. But then it feem’d to me very ftrange, that there fhould be ma- 
thematical Demonftrations, and very plain Experiments, for and againft the — 
fame thing, which made me almoft quit the further Confideration of the Sub- 
ject ; but finding that in feveral mechanical Enquiries I muft reafon againft 
what J knew to be true, by embracing the new or old Opinion; at laft I 
found both Opinions to be true, and that feveral of the fame Phenomena might 
be folv’d by Calculations drawn from either Opinion: the whole Difpute being 
only about Words. For the Word Force, whofe Meafure we have confider’d 
differently, is not taken in the fame Senfe, by our Adverfaries and ourfelves : 
and as every body is at liberty to define the thing about which they treat, pro- 
vided they ftick to that Definition in all their Reafonings; fo whilft we mean 
different things by the fame Word, we may both be in the right; and whilft 
either Party imagines that the others take the Word in the fame Senfe that 
they do, they may think them to be in the wrong. Tho’ this Difpute has 
Jafted many Years, (about 59 Years) yet it has been of ufe in Philofophy and 
Mechanicks, -having given occafion to many Confiderations, and the making 
of many Experiments unthought of before. Now to fet this matter quite 
right, ‘I fhall fhew what we mean by Force, and what thofe Gentlemen, whom _ 
we have.call’d our Adverfaries, mean by it : and then it will appear, that moft. 
of the Experiments and Reafonings on both fides will ftand good ; and are con- 

Vout. IL Tet clufive 
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Annotat. clufive for the Meafure of Force in the different Senfes given to that Word :~ 

Le&t. VI. therefore, that we arenot Adverfariés in reality, tho’ fo call’d hitherto. 

yn We (that is, the Englifo and French Philofophers) mean by the Word 
Force the fame thing as we do by Momentum, Motion, or Quantily of Motion, 
or inftantaneous Preffure, the which, as we meafure (in comparing Bodies in 
motion one with another) by the Mafs multiplied into the Velocity ; fo it 
may be known by its Effect; that is, the Product of the Mafs into the Velo- 
city is expreflive of what we call Momentum, or Force, whofe Meafure it is. 
And to. be ftill plainer, when we confider Bodies going thro’ a certain Space, 
we always confider the Time in which that Space is run thro’, which we call 
the Velocity. 

Our fuppos’d Adverfaries (that is, the Dutch, Italian, and German Phi- 
lofophers) mean by the Word Force, or Force inherent in a Body in Motion, 
that which it is able to produce; or im other Words, the Force is always mea- 
fur’d. by. the whole Effect produc’d by the Body in motion, until its*whole 
Force be entirely communicated or deftroy’d, without any regard to the Time 
employ’d in producing this total Effeéty becaufe they look upon this total. 
Effect as the perfeét and adequate Meafure of what they mean by Force : agree- 
able:to this réceiv’d Axiom—That Effects are always proportional to their 
Caufes, | 

Fo confirm what I have faid concerning the Meaning which is given to the 
Word Force by our Adverfaries, (I ftill ufe that Term Adverfary only for di- 
ftinction fake) I beg leave to quote fome of Mr. Profeffor s*Gravefande’s Exe 
preflions upon that Subject, in the Fournal Hiftorique de la Republique des Let- 
tres, for November and December, 1733. under the Title, Nouvelles Expe- 
riences fur la Force des Corps en mouvement, par G. J. s’Gravefande ;—towards 
the End. * Il me femble que ceci (parlant de quelques Experiences) leve la 
“* plus grande des Difficultés qu’on ait oppofées jufqu’a prefent aux Experiences- 
‘* alléguées pour prouver que Ja Force eft proportionelle au Quarré de la Vi- 
“* tefle par la Maffe Je n’ajoute qu’un mot pour eviter toute Difpute in- 
« utile le Mot de Force eft equivoque; mars dans tout ce que fai écrit 
“ {ur la Force des Corps en Mouvement, j'ai entendu par ce Mot, la Capacité 
“que ce Corps avoit d’agir fur les autres Corps en perdant fon Mouvement.” 

In Englifo thuse———Methinks this ({peaking of fome Experiments) takes” 
off the greateft of the Difficulties hitherto thrown in by way of oppofition to 
the Experiments alledged to prove the Force to be proportional to the Square 
6f the Velocity multiplied into the Mafs——I add but one Word, to avoid all 
ufelefs Difpute——zhe' Word Force ts equivocal; but in all that I have written: 
upon the Force of Bodies in motion, I have underftood by that Word the Power 
or Capacity that the Body bas to at? upon other Bodies in lofing its Motion. — 

AND a little lower he fays, ‘* qu’on donne au Mot de Force un autre fens ; 
** qu’on dife que cet autre fens eft plusnaturel ; je ne m’y oppofe pas: tout ce 
“ que j'ai voula foutenir, c’eft que ce que fai nommé Force doit-étre mefuré par 
“ je produit de la Maffe 8& du Quarré de la Viteffe : pour foutenir qu’en envi- 
** fageant la Force fous une autre'fagon on peut admetre un autre mefure, il 
“faut expliquer toutes les Experiences qu’on a fait fur la Force & le Chock, 
co y . : ‘ ere MEE ‘ce 
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** ce que nous faifons de notre cdté; & que j’ofe affurer que cela n’a pas encore Annotat. 
* été fait par ceux qui ont embra{sé le Sentiment opposé,’? Leé. VI. 
In Englifo thus———Let People give the Word Force another Siguification ; awd 
and let them urge, that that other Signification is more natural, I make no Op- 
pefition to it: all that I have been willing to maintain, is, that what I have 
named Force ought to be meafur’d by the Produ? of the Majs into the Square of 
the Velocity, Toalledge, that confidering Force another way one may admit ano- 
ther Meafure, one foould explain all the Experiments that have been made upon 
the Force and C ongre/s of Bodies, which we do on our Part ; and which I dare 
Say bas not yet been done by thofe who have embrac’d the contrary Opinion. 
AnD a little before he faid, “ la Difficulté que nous venons d’indiquer, & 
** a laquelle les Defenfeurs du Sentiment que la Force eft proportionelle au 
** produit de la Maffe par la Vitefle, font obligés de recourir fouvent eft fon- 
“* dée fur ceci. que pour avoir Peffét d’un Effort, il faut retrancher de 
“« Peffét que cet Effort fait d’un cété, Peffét que ce meme Effort fait du 
“* cOté opposé : au lieu que nous difons, que l’effét total eft la fomme de ces 
** deux Efféts.” 
In Englifo thus—Tbe Difficulty which we bave hinted at, and to which the 
Defenders of the Opinion, that the Force is proportional to the Product of the 
Ma/s by the Velocity, are oblig’d often to have vecourfe, is built upon this: viz, 
that 40 bave rhe Effet? of au Effort (that is, of a Stroke or Im pulfion) they muft 
take away from the Effet which that E fort makes on one Side, the Efe which 
that fame Effort makes on the oppofite Side: whereas we fay, that the total Ef- 
felt is the Sum of thofe two Effetts. : se, ; 
Tuezre is juft now come into my hands the third Edition of ‘Profeffor 
s* Gravefande’s Mathematical Elements of Natural Philofophy, &c, in the Pre- 
face of which he gives an hiftorical Account of the Difpute concerning the 
Meafure of the Force of Bodies in Motion ; which Account, for the Reader’s 
Information, and further fhewing the different Meaning that has been given 
to the Word Force, I thought fit to infert here. 


Pace 24. of s° Gravefande’s Preface to the third Edition of his Mathematical 
Elements of Natural Philofophy, €3c. printed at Leyden in 1742. and the following. 

THE firft Controverfy about this Meafure, tho’ indirect, was between 
Fluygens and the Abbot Catalan, on occafion of determining the Center of Of- 
cillation. weowsou : - 

Wuokver will examine Huygens’s Demonftrations in the fourth Part of his 
Book de Horclogio Ofcillatorio, and compare them with Cata/an’s Objections, 
will evidently {ee that in’ that Controverfy the Meafure of the Forces is 
treated of. | | | , 

Tues two famous Men confider the Cafe in which feveral Bodies join’d 
together, defcending with the Force of Gravity alone, and then loofed from 
one another, are carried upwards by the Velocities which they have acquir’d ; 
or fuch Bodies.as defcend fepatated, and afcend together. Huygens, in confi- 
dering this Cafe, reafons-from this Axiom, ‘that Bodies cannot afcend by: the 
Action of Gravity ; and demonftrates, that the Sum of the Produéts of the 
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Annotat.. Weight of the feveral Bodies, multiplied by the Heights from which they 
‘Lect. VI. fall, or to which they rife, is the fame both before and after they are loofed ; - 

wenn that is, when the Weights are feparate, he feeks the Sum of the Produc of 
the Squares of the Velocities by the Mafles. (27) Ca/alan on the contrary rea- - 
fons thus: ‘* If two equal Weights fufpended feparately from the fame Point, 
<* fat unequal Diftances] and rais’d to the fame horizontal Plane, which paffes 
«© thro’ the Point of Sufpenfion, be fo let fall as to defcribe fimilar Arcs —— 
«¢ they will require fuch Velocities, that their Squares will be one to another, 
*¢ as the Heights when thofe Weights defcend perpendicular to the Ho- 
i. cizon:: 

“ Tuen, if thefe two Weights be join’d bya Line, or an inflexible Rod, the 
“© which we fuppofe without Weight, and being fufpended fromthe fame 
‘¢ Point at the fame Diftances, they be let fall from the fame Height as’ be- 
‘© fore 5 a Pendulum compounded of thefe will acquire as much Velocity as 
** the Sam of two fimple Pendulums would do.” And then immediately adds 
this Reafon——‘* Becaufe the Separation of the Weights does not change the 
“ Quantity of Motion.” (28) 

Huygens eafily demonftrated, that thefe Principles would lead to abfurd Con- 
fequences. (29) For Catalan laid down with the reft, that the Quantity of 
Motion was proportional to the Produét of the Velocity by the Mafs, (which 
Proportion the Tranflation follows) but Huygens eafily demonftrated, that Ca- 
talan’s Opinion that this Quantity did not change, was abfurd. As to the 
Quantity of Motion, he had already faid before, (30) what he demonftrated 
afterwards, (31) in the Congrefs of perfectly elaftick Bodies, (which he re- 
fer’d to Bodies perfectly hard) that the fame Quantity of Motion was not pre- 
ferv’d ; but that the Sum of the Products of the Squares of the Velocities by 
the Maffes was not chang’d by the Collifion, that Sum being the fame before, 
and after the Stroke: but afterwards he {poke more generally ; when he faid 
in his laft Anfwer to Catalan, That we mujt by no means take for a Law of Na- 
ture, that the fame Quantity of Motion was preferv’d, unlels what was fpent 
and confum’d in aéting on any thing, but that this was a conftant Law of Na- 
ture, that Bodies kept their afcending Force, (Force afcenfionelle) and therefore 
the Sum of the Squares of their Velocities always remain’d the fame. (32) We 
are to obferve, that this is underftood of equal Maffes, for Catalan had reduc?d 
the Queftion to this Cafe, as we have feen, 

BeroreE this Controverfy was ended, another arofe between Leibnitz and the 
fame Abbot Catalan, Huygens’s laf Differtation but one was publifh’d in the Year 
1684, and the laft, from which our Quotation is taken, was publith’d in 1690. 
But in the Year 1686, Letnitz inferted a Paper in the Lepzic A@s of March, 
in which he {ubjoin’d thefe Words to the Demonftration, which he had given, 
and in which the Heights from which Bodies defcend, and to which they af- 
cend, are treated of. ‘* Hence it appears bow the Force is to be eftimated from 

© the Quantity of the Effect, which it is able to produce ; for example, from the 

‘ Height to which it can raife a heavy Body of given Magnitude and Kind, and 
not from the Velocity which it can give to a Body. . . . Therefore we muft fay, 
that the Forces are in a compound Ratio of the Bodies and the Heights, from 
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** which falling, they could acquire fuch Velocities. » 2 .°.-. Whence ‘have rifen Annotat. 
SF CUCK A) LETT OS crwrce ori Whence alfo, I imagine, that it happens, that Huy-Le&. VI. 
** GEns’s Rule concerning the Center of Ofcillation of Pendulums, which is very omnyprmemd 
** true, bas of late been call’! in quefion by fome learned Men.? 
. Tutsagrees well enough with the Words of Huygens which we have quoted, 
and which, tho’ they were publifh’d after what we have quoted from Lerbnitz, 
only explain thofe Things, which are really contain’d in Huygens’s former 
Writings. Something like this often happens ; fo thofe that go before explain 
things fo, that nothing remains for the Author of a new Invention to do, but 
to explain more diftinctly, and declare in more exprefs Words, what another 
has only hinted at more obfcurely. Ido not deny but that Leidnitz is to be 
efteem’d the Author of this Meafure of Forces, which he explains in the 
Words which we, have quoted from him; but I dare fay, that Huygens led him 
to if. e 

Catalan, (33) and afterwards Papin, (34) anfwer’d Leibnitz: Leibnitz 
. replied again, and feveral Papers were written upon the Subject. (35). Then 
_ many others confidered the fame Queftion., . 

Tuts is what is treated of in the 2d and. 3d Chapters of the fecond Book 
of this Work ; I have added many new Experiments to thofe which I had 
given in the foregoing Edition, I do not contend about Words; but I have 
undertaken to prove and make out, by direct Experiments, thefe two Things, 
viz. That Velocity is not communicated to a Body at reft, but by an AGion which 
muft be as the Produdi of the Mafs into the Square of the Velocity. And that the 
Body mov'd never lofes its whole Velocity, unle/s it overcomes the Refifiance ;. that 
is, unle/s it produces an Effed?, which follows the faid Ratio. We mean here 
the entire Action, and that alone, which is {pent in moving the Body: and 
the entire Effect, and that only, which the Body produces whilft it lofes its. 
Motion. He that denies thefe Propofitions, denies what is evident to Sight : 
And he that agrees tothem, and yet affirms that they follow from the mea- 
fure of Forces before receiv’d ; I do not difpute with him: I call Force. that 
Power of acting ina Body, which muft be meafur’d by its whole Effea, €3c. 

Now to thew how eafy it is to reconcile the new and old Opinion, I will 
not fupprefs what I wrote in Defence of the old Opinion, before I was aware 
that the Word Force was equivocal; but only join’d the Word Momentum 
with the Word Force, to fhew that we hold them as fynonymous, and I do 
not doubt but the Favourers of the new Opinion will acquiefce in what I have 
alledged ; confidering Force as Momentum or Preffure, in the Senfe which they 
give this Jaft Word, as may be feen from N° 123. to N° 146, of the lat 
Edition of Mr. s’Gravefande’s Book above-mentioned, 

Here follows my Note as I firft intended it. 
__ Mr. Profeffor s’Gravefande, who had been formerly of the old Opinion, 
did (about 15 Years ago) come into the new Opinion ; but not without hav- 
ing tried many Experiments with great Accuracy. What he feems to lay the 
greateft ftrefs on, is, that Balls of Brafs, or any other folid Subftance, falling 
into foft Clay, make Pits in the Clay proportional to the Square of the Velocity 
_ with which they ftrike the Clay: the fame Experiments alfo were made with 

. | , conick 


54 ACourfe of Experimental Philofophy. 


Annotat. conick and cylindrick Bodies coming upon the Clay in feveral Directions, in 
Let. VI.- all which Experiments, the Pits made in the Clay were proportionable to the 
ty Mafs multiplied into the Square of the Velocity; that is, the Mafs remaining 
the fame, to the Square of the Velocity. And therefore the Profeflor made 
ita Rule, that the Force of the moving Body muft be as the Square of its 
Velocity ; becaufe the Pits werein that Proportion. When hecame to con- 
fider afrefh the Phenomena of the Congrefs of foft Bodies, he found, by his 
way of meafuring the Force of Bodies in motion, that the Rule generally held 
as-an Axiom, (and which has been demonftrated by feveral learned Men) wiz. 
that in the Congrefs of Bodies, there is the fame Force or Momentum Jefore 
and after the Stroke, towards the fame Parts, could not be true, but that there 
muft always be Motion loft in the Stroke by the denting in of foft Bodies : 
whereas, to make ufe of the old Opinion, which gave the fame Quantity of 
Motion after the Stroke as before, was to neglect an evident Phenomenon, 
and admit a vifible Effect, (the denting in of the Bodies) without believing that 
any Part of the Caufe was loft in producing it. ‘Thefe Reafons at firft appear’d 
-to me fo probable, that I was almoft ready to quit the old Opinion ; but as I 
could not eafily give up what was-become an Axiom, or what I had held as 
fuch for many Years, and confider’d as a Truth built on Demonftration, I was 
refolv’d to fufpend my Judgment till I could examine every thing a-new: and 
now that I have done fo, Iam {fatisfied that there is mo Force or Momentum loft 
in denting in of foft Bodies ; and therefore, that the old Opinion ftands good. 
Jf Ican make this plain, I fhall refcue the Doétrine of the Congrefs of Bodies 
from all thofe Paradoxes and Difficulties, which the Explanation of it, accord- 
ing to the new Opinion, is perplex’d with. . 
It has been the Cuftom of Philofophers that have wrote on the Congrefs of 
Bodies, to reafon upon Bodies perfectly hard, (tho’ there be no fuch Bodies) 
becaufe thofe Bodies can have no Elafticity, and then to confider how elaftick 
‘Bodies muft differ from them; and, in order to reduce the Doctrine to Expe- 
riments, very foft Bodies have been made to ftrike each other in variety of 
Directions, and with equal and unequal Quantities of Matter. For it was 
thought, that perfectly foft Bodies in their Congrefs muft have the fame Phz- 
“ momena, as to Motion and Velocity, as perfectly hard ones; becaufe, mot to 
be dented at all, or to be dented, and not have the Figure of the Bodies at all 
reftor’din the Shock of Bodies, was look’d upon as the fame thing in refpeé 
of the Motion of the Bodies after the Stroke, which then would be confider’d 
as certain Maffes of Matter without any Elafticity, in order to fhew how the 
‘Congrefs of fuch Bodies would differ from that of Maffes of Matter endued 
with Elafticity. Now, tho’ the fofteft Bodies we can get, as foft Clay Balls, 
cannot be wholly void of Elafticity,, becaufe of fome Air that will always be in 
them; yet fince that fmall Degree of Elafticity may be eafily allow'd for, it 
was thought fuficient to make ufe of them only in Experiments, (as we have 
no Bodies that approach to perfect Hardnefs) in order to fettle Rules for the 
Congrefs of Bodies without Elafticity. - So it is agreed on all -hands to make 
arfe of Bodies as elaftick as we can get them, (fince none are perfettly ‘elaftick) 
for fettling Rules for the Congrefs of Bodies perfectly elaftick, havmg made 
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proper Allowances for the want of perfect Elafticity. The Favourers of the Annotat. 
new Opinion fay, that we ought not to reafon upon perfectly hard Bodies, be- Leé&t. VI. 
caufe there are no fuch in the World. I can’t blame them for not reafoning Gym 
upon them themfelves, becaufe Confequences drawn from them, are contrary 
to the new Opinion: But it would be as unfair to debar us of that Privilege, 
as to fay that the Science of Mathematicks cannot be true, or mutt not be 
applied to Phyficks; becaufe Mathematicians reafon about Points, Lines, and 
Surfaces, and fuch penetrable Solids, as do not exift in Nature. 
N owallowing me with many Philofophers to fuppofé Atoms, or firft Par- 
ticles of Matter, out of which all compound Bodies are made, to be perfectly 
hard; I only beg leave to reafon, and draw Confequences from them, » - 


Plate 6. Fig. 6. se 
Le T us fuppofe an Atom, or perfectly hard {mall Body A; to move ih the 
Direction AB; with the Velocity 12; its Momentum (or the Meafure of: its 
Force, according to the old Opinion) will be 12, which (by the /wertia or In- 
activity of- Matter) will {till continue the fame, unlefs a contrary Force fhould 
deftroy it. Now Jet us alfo fuppofe any Number of Atoms, of fmall-hard 
Bodies, having each the fame Mafs or Weight as A, (which ‘Weight we 
will call 1) to be placed before one another in the right Line AB. (Here 
we are to take notice, that we have no Elatticity nor Softnefs to confider, only 
the Quantity of Matter.) A in its Motion will take along with it the Atom 
a; and dividing its Velocity with it, (the Mafs being now doubled) will go" 
on towards B with the Velocity 6, the fame Force remaining after the Stroke © 
as before, becaufe there has been no denting in of a foft- or an elaftick Body 
to deftroy any of the Force, (even according to what our Adverfaries alledge) 
the Velocity only becoming lefs. -When thefe two Atoms have in their Mo. - 
tion taken the third Atom é along with them, the Velocity becomes 4.; when 
¢-is overtaken and carried along, the Velocity will be but 3, and fo on: the 
Velocity diminifhing in proportion as the Quantity of Matter is increafed, as _ 
is denoted by the Numbers written under the Bodies. This comes to the 
- fame as if the 14 Atoms, being collected into one Body, were carried along 
by one Blow of A; after which we fhould have the fame Momentum of 
Force as:before the Stroke or Strokes, exprefs’d at every Stroke by the fame 
Product, tho’ different Factors ; for 12xby 1, is equal to 2 x 6=23-x4, &e: 
_ quite to r5 x 42, and fo on. If the Bodies @,b,¢, d, ec. had any Velocity 
towards A, then indeed they would by a contrary Force or Momentum deftroy 
Force in the Body A; but fince before the Stroke there is no Force or Mo- 
mentum towards A, there isno Force deftroy’d in the Body A. The Velocity 
indeed is continually decreafing, as the Mafs in motion is continually increa{-- 
ing by, the Addition of Matter, the firft Momentum or Force remaining the fame. 
Hence it follows, that a Body infinitely {mall witha given Velocity will move a 
Body infinitely great, on which it impinges, with an infinitely fmall Velocity. _ 
From what. has been faid it appears, that in refpeé of the Quantity of — 
Motion towards B, it will be the fame thing whether the Body carries. all 
the Bodies a, 2, ¢, d,. &e, by fourteen. fucceffive Strokes, or. by vag fingle 
"She ; i: | Stroke, 
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Stroke, if they touch’d one another before the Stroke ; becaufe the fame Quan- 
tity of Matter is to be carried by A, whofe Force or Momentum has been fup- 
pofed 12, whether that Matter be taken at once, or at feveral fucceflive times. 
What would happen worth Notice would be this, that if you call one Body 
(or a Syftem of Bodies) the Atoms a, b, c, d, €Sc. and their Pores or Inter- 
vals the Spaces ab, De, ¢ d, €8c. the fucceflive Stroke will clofe thofe In- 
tervals, and reduce that compound Body from the Pofition in Figure 6. to 
the Pofition in Figure 7. where the Space between a and a is fhorter than it 
was before. If the Bodies had been at firft in the Pofition of this laft Figure, 
that is, without Interftices, the whole would have been a perfectly hard Body, 
in which cafe one Stroke of A had been fufficient, becaufe all the Matter 
would have been taken at once. 

No w let us fuppofe the Atoms a, b, c, d, €Fc. (any Number of Atoms will 
do; but here we will only fuppofe 14, that the fame Numbers may ferve in 
our Explanation) made up into a Sphere without Tenacity ; which, if they 
could poffibly hold together without Tenacity, would make a perfeétly folid 
Sphere : And let us fuppofe the Atom A, without any Alteration in its Quan- 
tity of Matter, turn’d to a vertical Plane A C (fee Fig. 8.) ftill moving with 
the Velocity 12, againft the Sphere S made up of the aforefaid Atoms. As 
foon as AC touches the moft prominent Atom a, it will carry it along to- 
wards B, and their common Velocity will be 6; then taking the Atom J, 
the common Velocity will be 4; taking the Atom ¢, the common Velocity 
will be 3; taking the Atom d, the Velocity will be 2,%,; taking the Atom 


‘e, the Velocity will be 2; and fo on, till AC being come to the Place D E, 


all the Atoms are brought into the Pofition DE, and have the common Ve- 

locity of 42. For as here we have fuppofed no Tenacity, no Force or Momen- 

tum will be loft in bringing the Atoms into this Situation, there being only - 
only fo much Matter carried along, and the Velocity diminifhed in Propor- 

tion as it is diftributed to fo many more Atoms: and as we have fuppofed 

no Tenacity, we could fuppofe no Friction of the Particles among them- 

felves. 

No w again, let us fuppofe our Atoms to have Tenacity enough to make 
them hold together, fo as to form a foft Sphere (for what are very foft Bo- 
dies but an Affemblage of hard firft Particles or Atoms, that have juft Te- 
nacity enough to hold them together?) and let the Atom A (now the Body 
AC) in its Motion towards B (Fig. 9.) come upon the Sphere S ; it will be- 
gin to. carry the Atom a along with it with the Velocity 6; but it will not 
continue to have that Velocity till it touches 2, becaufe the Atom a-by | 
its Tenacity. will take hold of 4, c, and d, fo asto have A C.act upon them 
fooner than it would have-done otherwife ::the Atoms J, c, and d, likewife 
by their Tenacity bring the Parts which they touch into the Power of the 
Action of the percutient Body : fo that long before all the Atoms are come 
into the fame,Plane, as at DE (Fig. 8.) all the Matter is put into motion, 


the Sphere being flatten’d at the Parts oppofite to B. For it is evident, that if 
in the Beginning of the Motion of the Sphere by the Shock of AB, the — 
Particles a, 2, c, d, €fc. have more Velocity towards B, than the Particles at 


iy 0, 
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#0, the Sphere muft be prefs’d in, dented or flatten’d at DE; which Ac- Annotat. 
tion of yielding in will ceafe, as foon as the Force of AC in motion is com- Leé&, VI. 
municated to all the Parts. So that here the Tenacity is only the means —— 
whereby all the Particles are fooner made to receive the Force, or Momentum Plate 6. 
of AC, than if there had been no Tenacity at all ; for without Tenacity, all “'8°% 
the Particles would not have Motion communicated to them till A C was 
come to FG. When the Tenacity is greater, the Body ftricken in the Con- 
grefs is lefs dented in, becaufe all the Matter is fooner put into'motion, ‘If 
the Tenacity was infinitely great, and confequently’ not to be Overcome, the 
Motion wou'’d be communicated in an Inftant to the whole Sphere ; that is, 
as foon as AC had touch’d the Particle a: for in fuch a Cafe, whether the 
Sphere has many or few Pores, the infuperable Contact of the Particles makes 
the Atoms at x, 0, &?c. move as foon as thofe at a, b, &e. Such +a Body 
wou'd be a perfectly hard Body, concerning which I hope my Reader is fa- 


Parts of a moving Body fafter than the pofterior Parts of it do, but produce 
‘ appier of Figure, which is the denting in of the ftriking Part of the 
‘Body? 


I hall fay nothing here of the Congrefs of elaftick Bodies; becaufe if I 
have fufficiently fhewn, that the Phznomena of the Congrefs of foft Bodies 
can beft be explain’d according to the old Opinion ; it will naturally follow 
that the Congrefs of elaftick Bodies muft be explain’d by it, 

As I am now enter’d into the Confideration of the old and new Opinion 
concerning the Meafure of the Force of moving Bodies, and have promifed 
in my firit Volume to {peak fully of it in the fecond; I thall here go on with 
it, by removing the ftrongeft Objections that were made againft the Experi- 
4ment of the flat Pendulum defcribed in my firft Volume (fee Page 394, and 
It. and Plate 24, Fig. 1.) becaufe I have heard of ftronger Objections fince. 
Laft Year looking over fome Papers, I found a Letter from that excellent and 
accurate Philofopher, the Profeflor Petrus van Mujchenbroek, whofe Objections 
I thought fo ftrong that they very well deferved Notice. Upon that I anfwer’d 
them ina Latin Letter that I wrote to him then; and as it is now agree- 
able to my prefent Purpofe to fay the fame things that I faid in my Letter, I 
fhal] here give a Tranflation of {0 much of that Letter as relates to the Que- 
ftion in hand, tho’ in {ome Places I only repeat fome of the above Argu- 


Vou, II, Awe «Ty 
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«© Tn order to call to mind my Experiment, open my Book (Vol, 1.)and 


Leét. VI. ‘* caft your Eyes upon the firft Figure of Plate 24. The flat Plate ABCD 


Vol. I, Plate ce 


24. Fig. 1. 


Plate 6. 
Fig. 10. 


Cs 


¢ 


ce 


ce 


ae 


being fufpended by four Strings, and raifed up from its loweft Place to- 
wards « to Number 12, is fuddenly Jet down to vibrate: mean time the 
Weight W is made to fall upon the Plate, while it is at the loweft Place 
of its Motion, or the Middle of its Vibration, and the Body compounded 
of the Plate and Lead W, is carried to the Degree 6 towards F. The Rea- 
fon why this double Mafs did not go to the Degree 8,48-+ as it ought 
to do according to, your Opinion, you alledged was the Friction; your 
Words are thefe: If yours be the right Eflimation of the Forces, whence does 
it bappen that the Ma/s goes quite up to the 6th Degree? Has FriGion no- 
thing to do bere? Here is an evident Caufe, where is the Effett ? How little 
foever this Caufe may be, it foou'd take away fomething vifible from the Ve- 
locity 6. I confefs that this Objection put me toa ftand at firft ; but, ha- 
ving confider’d the thing: well, Ianfwer, That there 1s'no Friction at all 
in this Cafe: and that the Caufe being taken away, there can be no Effect 
produced. You'll certainly wonder at what I fay! But read patiently 
while I explain this Paradox in a few Words. By the Threads pppp 
(Plate 6. Fig. 10.) let the above defcribed Plate. ABCD weighing two 
Pounds be {fufpended, whofe Under-fide has a ‘Tooth or Semi-cylinder ¢, 
whofe Axis.is perpendicular to the Line AB.) Let there be alfo'a Paralle- 
lipiped RR of two Pound, weight, having. a-crofs its Surface Teeth; or fée- 


/mi-cylindrical Eminences ac .d3\ and let this Parallelipiped’ be immoveable 


in its Place. Nowif the Plate be letdown from the 12th Degree mark’d 
upon the graduated Arc that is fet under its Vibration, the Tooth e meet-. 
ing with the Teeth a, 4, c, d, fuffers a Refiftance, but overcomes it-by ‘the 
Force of the moving Plate, and this jumping of the Plate retarded by 
this Refiftance, is called its Friéion. Now this Friétion hinders ‘the 
Plate from rifing up to 12 on the oppofite fide, But if the Parallelipiped 
be made in another manner, having its Tecth moveable, and togo down 
into. Cavities (f{uch as are mark’d by the Points in: the Figure) only made 
to ftand up a little above the Surface » R by the Force of the Springs, 
Ss, Ss, Ss, Ss then if the Plate be let down from the 12th Degree 
whilft it runs over the Surface # R, it will by its Tooth e fucceffively pufh 
down the Teeth a, 4, c, d, by which Refiftance being retarded, it will not 
reach the 12th Degree of the graduated Arc. This isa Friction of another 
‘kind, Neither is there any other Friction but of thefe two forts, both which 
are capable to tear away fmall Parts from the Bodies rubbing ; for Bodies that 
run over the Surface of other Bodies, do either pafs over {tiff Eminences by 
jumping, or do deprefs elaftick ones by the Force of their Motion, and lofe 
of their own Motion in proportion tothe Effe& produced. You will eafily fee 
that no fuch thing happens in my Experiment, by fuppofing the following 
Experiment. Let the Parallelipiped aforefaid be fufpended by Strings, fo 
that it may eafily vibrate in an Arc parallel anda little below the Arc in 
which the Plate vibrates. Now if the Plate be let down from the 12th De- 
gree, its Tooth E falling againft the Tooth A of the Parallelipiped will not 

ey e jump 
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‘¢ jump over it or prefs it down, but carry the Parallelipiped along with it, Annotat. 
*¢ and the Body compounded of the Plate and Parallelipiped, will only go Leét. VI. 
“¢ forward to the 6th Degree, In this Cafe there is no F riction, butonly an ~~ 
“* Acceflion of Matter to the firft Mafs. Here I fay nothing of the Stroke aap 6. 
“* of the Body w, when it falls on the Plate, (fee Plate 24. Fig. ». of my Se 
“ft Volume) becaufe I have there explain’d the Effeé of fuch a Blow jand 
*¢ alfo defcribed how the Experiment is made without the falling of the Body 
“¢ W:: But there I did not mention that I had wrapped round: with wet 
“¢ Sheep’s Leather the Weight W, that was to be taken hold of by the mo- 
“< ving Plate, left the Experiment fhould be difturbed by the Elafticity of 
“¢ the Half-Cylinder fix’d to the Plate. Now let us change this imaginary 
‘¢ Friétion into. a Stroke made on a foft Body, in which Body it will cer- 
** tainly be feen, as from its Point of Rett it js taken and carried along by 
“-an upright Plate fix’d perpendicularly to the vibrating Plate above men- 
“* tion’d ; the compound Mafs of the Plate and foft Body going to the De- 
“gree 6, when the: Plate before the Stroke came down from 12 on the other 
** fide. { . : 
© Toe tr PP be-the Plate weighing 36: Ounces, with its perpendicular Plate 6. 
** Piece V fix’d on purpofe to ftrike the Body a@BC made'of foft Clay, hang- Fig. «. 
ing by the Thread 2, which Body likewife is of 36 Ounces weight, (fee 
“* Plate 6. Fig. 11.) now I fay that the Plate falling from the 20th Degree, 
** taken beyond E, will inits Motion take the Ball 4BC along with it, and 
** rife up tovr0 on the oppofite Side. This you alfo agree to, but you afk, 
“ Whether the Plate won't change the Figure of the fufpended Body, make a 
‘© Pit in it, and remove the Parts from one another, Can that be done without 
“* @ lofs of Force and Motion in the Plate? Yes, that can be done without 
“any lofs of Force or Momentum in the whole Mafs, tho’ there bea lof of 
“* Force in the Plate taken fingly ; and that happens by a Tranflation of Ve- 
“ locity from the Plate into the Ball. And in the Congrefs of pendulous 
“* Bodies, there is always the fame Quantity of Motion towards the fame 
“« Parts after the Stroke as'before, This 1 know you don’t believe; but I 
“ hope to explain you this Paradox, if you will but for Argument fake fup- 
** pofe our Rule to be true; for thefe Phenomena will be deduced from it. 
** Ler the Ball a BC be divided into three equal Parts a, B, C, and fuf- 
** pended by the different Threads 1, 2, 3. Firft, let only the Parta, of 12 
“Ounces, be fufpended at reft above O, the loweft Point of the Vibration : 
** then let the Plate fall from the Degree 20, and it will take along with it 
“* the Clay a up to the Degree 15; for the Force of the falling Plate = 36 x 
“20 = 720, being divided by the Mafs 36+ 12 = 48, will give for its 
“ Quotient 72,° = 15. If the Experiment be made by fufpending at the 
“* Point of Reft the Parts @ and 4, whofe Weight taken together is 24 
Ounces, the Plate falling from 20 will carry the whole Mafs along with it 
to123 for the Momentum 720 being divided by 36 +- 24 = 60 will give 
“12 for Quotient, - Laftly, the whole Ball fufpended, and ftruck by the 
<* Plate falling from the fame Height will goto the Degree to, becaufe 36 +- 
MegG ee biz, dividing 720, will give. for Quotient 422 = 10. Now by the 
ies * Inertia 
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Inertia of Matter in the Ball, or rather of the Parts which make up the’ 


Ball, the Plate cannot inone Moment of Time communicate Motion to all 


the Parts of the Ball, but takes along with it firft the Parts next to it, and’ 
then the middle ones 5 and laftly, the Parts that are the moft remote: 


Now to the firft Parts as. a does belong (or muft be communicated, accord=’ 


ing to our Rule) the Velocity 15; to the middle Parts, as to the Part 
6, the Velocity 12; and to the remoteft Parts, as to the Part c, the Velo-’ 
city 10 : for the Velocity 20 of the Plate is not diminith’d quite to the Ve-" 
locity 10 before all the Parts of the Ball are carried along: for the Motion’ 
muft be equally diftributed thro’ the whole Mats, that the Velocity may 
decreafe in a reciprocal Ratio of ‘the incteas’d Mafs. Now if the Part a 
comes towards F with a greater Velocity than 4, and the Part} with a 
greater Velocity than the Part c, as muft happen by what has been faid} 
what is that Phenomenon elfe but a Change of Figure, efpecially if we rea2’ 
fon concerning a Globe divided into an infinite number of Parts; and 

then the Velocity will decreafe in a Series whofe greateft Term ‘is 20;° 
and the leaft 10, and the Decrements will be reciprocally proportionak 
_to the Matter fucceflively added to the moving Plate —————Thus will 
the Expreffion of the Velocities be 20 — 1, 20—2, 20—3, &e. 


* quite to 20 — 10 = 10, Here perhaps you will object, that I did 


-not confider the Cohefion or Tenacity of the Particles: but now let us 
confider it. Ifthe Tenacity was infinite, then the Motion would be com: 


‘-municated to the whole added Mafs by the Blow, without any Change of 


Figure; for then the Body would be a perfe&tly hard Body, and the firft 
Particle would. be fo join’d with the laft, that they would move together,’ 
and receive their Motion at the fame Moment of Time. All that thé Co- 


* hefion does, fuch as it is, is only this, that thereby the Motion of the firft 


Part is fooner communicated to the fecond; the Body as it were coming 
nearer to Hardnefs without Elafticity. Imade the Experiment again with 
the three Parts of the Ball a, 4, c, fufpended all together atthe fame time,’ 
but at a little diftance from one another, and the Succefs- prov’d the fame. 
Then I made the Experiment in another manner, and inftead of the Piece V, I 
fix’d to the Plate the hollow Half-Cylinder, (defcribed in my Book, Vol, r. 
Plate 24: Fig. 1.) and inftead of the Clay Ball, 18 Leaden Bullets fufpended by 
Threads, which Bullets all together weigh’d 36 Ounces; and the Experiment 
fucceeded in the fame manner. I alfo made the Experiment witha Plate, and 
the Bottom of the Lead, both polifh’d ; in which Cafe, the Plate falling fuc- 
ceflively from the Degrees 24, 20, 12, carried the Lead receiv’d at bottom’ 
to the oppofite Degrees 10, 12,.6. In the Experiment thus made there 
was only this Variation; namely, that when the Lead was not receiv’d in’ 
the middle of the Plate, or after its Reception flid a little, the Center of 
Gravity of the Mafs was not in the middle; whence it happen’d that the 
Edge of the Plate, which was fartheft from the Lead, did goa little be-. 
yond the Degree expected ; but in recompence, that which was neareft the 
{Lead came as much fhort of the oppofite Degree. Now let us confider the 
Congrefs of two Balls of foft Clay. 1 have already explain’d whence 
2 ; . “© comes 
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*« comes the Change of Figure in the Ball that was at reft before the Stroke. A nnotat. 
*¢ In the percutient foft Body the Change of Figure happens, becaufe its fore. Led. VI. 
<* part, which in the Motion of the Ball before the Stroke had the fame Ve- tap-—w 
** locity as the hinder Parts, is retarded at the Stroke in proportion to the 

‘© communicated Velocity, whilft the hinder Parts, by reafon of the Inertia 

“ of Matter, (whereby Matter in Motion endeavours to perfevere in the fame 

“« State) do more flowly lofe their firt Velocity : and a Body, whofe fore 

** Parts move flower than its hinder Parts cannot but change its Figure.’ 

_ What follows in the Letter is much the fame as I {aid at the Beginning of 

this Annotation ; but at laft I concluded with mentioning an Experiment, 

which I think proper to relate here in the fame Words. 

“¢ Ir yet you have any Doubt> remaining ‘concerning the Conclufions de- 

*¢ duced from my Experiment above-mentioned, give me leave to detain you 

** fo long, as to relate to you my lait Experiment. Ido not doubt but that it 
“is agreed between us, that the perpendicular Stroke of the Body (falling on the 

“* {winging flat Plate) does nothing towards retarding the horizontal Motion, . 

“* if we confider only the Stroke, For by the Compofition of Motion which 
*<*makes a Body, acted upon by two Forces, move in the Diagonal! of a Paral- 
““lelogram, the thing is plain; as I demonftrated it in my Book. My lat 
‘Experiment, which I hope may be call’d an Experimentum Crucis, is as fol- 

*¢ lows. I dropp’d upon the vibrating Plate, which fell from the 20th Degree, . 

“* a Ball of foft Clay of the fame Weight asthe Plate at theloweft Part of the 

‘© Vibration, and the compound Mafs went up exactly to the 10th Degree on | 

‘* the other fide. Here the Change of Figure in the Ball was made by the 

“« Plate in a Line perpendicular to the DireGtion of the Motion of the Plate; . 

** which could do nothing but affeé the Strings by which the Plate hung, by 

*< ftretching them. For if, according to your Objection, the Change of Figure 

<¢ in the horizontal Stroke retarded the horizontal Motion ; herethe Force, or 

‘© Momentum, diminifh’d by no fuch Impediment, muft have carried the whole 

** Mafs beyond 10, (according to the new Opinion) which never happen’d.” 

Notwirusranpina what I have faid is true; it is eafy to reconcile this 

Phznomenon to the new Opinion, both by a further Experiment on this Ma- 

chine, and:by Reafoning. | 


ExpertmMentT lI. Plate.6, Fig. 14. 
Ler us fuppofe at one End of the flat Pendulum, that a Cone of Brafs is - 
faften’d, which, together with the upright Piece V, does not make the whole 
Machine PP g V heavier than 315; then raifing this Pendulum up to N° 20, 
on the graduated Arc, let it fall, fo that when the Part V is over O, the 
Cone fhall ftrike againft a Body of Clay made faft in the Cavity of a-Box fix’d 
at g, and obferve what Pit is made by meafuring it. Sufpend the Clay Ball a, . 
b, c, as before: fo that PV P being again let fall from N° 20. may. take 
the Clay Ball along with it, before the Cone ftrikes into the Clay,. (of which - 
‘another Part is expos’d to the Stroke) and you will find the Pit made by that 
fecond Stroke to be only half of what the fermer Pit was. Hence it appears, 
that the fame Momentum makes different Fits; but with. different ar 
a aes tak Ing : 
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Annotat. ‘taking Force in the Senfe of the new Opinion; in which Senfe, the Plate has: 
Leé&t. VI. fpent half its Force, ( tho’ without any Lofs of Momentum, as we have am- 
i) ply fhewn) in taking along the Clay Ball, and the other Half in making the 


Plate 7. 
Fig. 3. 


Pit in this fecond Experiment; whereas it {pentits whole Force in making the 
Pit in the firft Experiment. i at 5 22 
N. B. Lown I have not made thefe two laft Experiments myfelf; but I 
have deduced from Meffieurs s° Gravefande’s and Mu/chenbroek’s Experiments, 
that they muft certainly fucceed in this manner, , AGL ae 
I sHALL mention but one Experiment more in favour of the old Opinion, 
which feems liable to no plaufible Objection, 


ExperrmMEenT Il, Plate 7. Fig. 1. | 
To the horizontal Board GG, fcrew’d upto the Cieling of a Room, I fix’d 
four fmall Strings @ Cb,¢ Cd, ¢ Df, g Db, which Strings pafling thro’ four 


‘Eyes in the Studs C, C, D, D, held in an horizontal Pofition, at the Di- 


ftance of 14.Foot below GG, the two Iron Cylinders A and B, oneof which, 
B, isa little Gun having a Cavity or Bore at E, with a Touch-hole at H, 
and a Nofe to go into the other Cylinder at F, (as is reprefented in F7g..3.) 
that when both the Cylinders are fufpended, they may hang together like one 
Piece, becaufe the Diftance AB, being greater than the Diftance a of the 
Strings above, the two Parts A and B are held together by their Weight, tho* 


-the Nofeof B goes fo eafily into the Cavity of A, as to have no Stickage. or 


Fri@ion. The Part A may be feen at Figure 2, and the Part B at Figure 3. 
A and B are exaétly of the fame Weight; but upon Occafion the Part B may 
be made twiceas heavy as A, by flipping on the hollow Cylinder reprefented 
by Figure gover the Part B, the Hole or Cavity LM being big enough to 
flip over the Part B, whilft the Slic LL fuffers the Studs D D to pafs by: 


‘'N. Bs The Ends A, B, aad N, are made conical, to pafs thro’ the Air in their 


Motion with more Facility. The Experiment to be made with this Machine 
is'as follows: Fillthe Cavity E of the Part B with Gun-powder, and prime 
it at H, (fee Fig. 3.) then having fet under the united Cylinders the graduated 
Arc OP, fo that o Degrees may be under the Place where the Cylinders join,_ 
fet fire to the Gunpowder by means of a falt-peter’d Thread laid over H, and 
the Parts A and B will fy from each other towards O and P to equal Di- 
ftances, as may be obferv’d by the Degrees mark’d on the Arc or Scale O P. 


Care muft be taken in fixing the Strings that the upper Ends of each String, — 


as aand.d, cand d, €8c. may. beat leaft at 9 or ro Inches from each other, 
meafur’d a-crofs the Board GG; becaufe otherwife A and B would not move 
both in the fame Plane, and over the graduated Arc below. When the Part 
I. L.MN is put on over B, and B is charg’d and fir’d, it recedes but to half 
the Diftance towards P that A does towards O ; which fhews, that fince the 


Powder in. its Explofion aéts equally on the two Parts, and gives them equal — 


Forces or Momenta, the Forces or Momenta mutt be meafur’d by multiplying 
the Bodies into their Velocity, which here are reciprocally as the Mafies, Its 


indeed difficult to charge the Cavity E fo exactly as to make the Bodies recede _ 


as far in one Experiment as in another ; but, whatever’be the Force of. the 


u 
i 


Explofion, } 


Fig. 2. ~ PlateVI. 
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Explofion, whether greater‘or lefs, A is always thot towards O twice as far as Annotat. 
B (when LMN L is added to it) is thot towards P. Lec&. VI, 
-) Tuere isnocalling in queftion, that the Preffure made by the Gunpowder, ~~~ 
gives equal Momenta to unequal Quantities of Matter, by giving them Velo. 
cities reciprocally proportionable to thofe Quantities of Matter: neither is there 
any doubt (in favour of the new Opinion) that Pits made in Clay by the Bo- 
dies driven by the Gunpowder (fuppofing the Clay fix’d at A and B, Fig. 1) 
will be to one another as 1 to 2, when the Bodies are as 9 to 15 2 with half 
the Velocity making only a Pit as 1, when 1 with the double Velocity will 
make a Pit, as2. This fhews, that the Force may be double or half, when 
produc’d by a Body with the fame Momentum, when the Velocity differs, 

As lam now convinc'd that all the Phenomena of the Congrefs of Bodies 
may be equally folv’d according to the Principles of the Defenders of thé new, 
as well as thofe of the old Opinion, I thall here give an Example of four Ex- 
periments, where all their Phenomena will be folv’d both ways. 


Experiment III, Plate Te hh Bs 

SusPEND two equal Clay Balls (for example, weighing two Ounces each) 
by Strings from the fame Height on the Machine for trying the Congrefs of 
Bodies, Then let the Body A be rais’d up from the loweft Point, fo as to let 
it fall towards C with fix Degrees of Velocity, to overtake the Body B falling” 
the fame way with two Degrees of Velocity ; and the Stroke being ‘made at . 
the Bottom, they will both go on together with four Degrees of Velocity, as 
may be obferv’d by their going up to Number 4. Now here before the Stroke, . 
the Momentum of A being 12, and the Momentum of B being four, the 
Sum of the’ Momenta towards C is 16; which appears to be the fame after the 
Stroke ; for the Stroke does not diminith the Momentum, for the Reafons . 
which I have alledged., 
© Burt, according to the new Opinion, the Force of A is 72, which being | 
added to 8, the Force of B, makes 80 for the whole Force: then after the 
Stroke, becaufe the two Bodies goon with the common Velocity 4, their 


Force muft be 64, (4x4x2>2= 64) which, taken from 80, leaves 16 
for the Force loft in denting the Bodies. 


ExpERIMENT IV. > Plate 7, Fig. 6. 

Let the Body A, with fix Degrees of Velocity, go towards C, and the 
Body B go in a contrary Dire@ion towards A, with two Degrees of Velocity : 
after the Stroke the Bodies will go on together towards C, with two Degrees 
of Velocity. ' | 

THe Momentum of A towards C is 123 from which fubtracting 4, the 
Momentum of B towards C, there will only remain 8 for the Momentum of 
the Bodies towards the fame Parts. But fince the Velocity of the two Bodies 
towards C is but 2 after the Stroke—it follows, that the Momentum is the 
fame, both before and after the Stroke, This agrees with the old Opinion, 

, which 
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Annotat.’ which fays, the Force is the fame before and after the Stroke, when Poree.i is 
Lect. VI. taken as fynonymous with Momentum. 

‘ZV . AccorpiNG to the new Opinion, the Force of A being 72, is to be added 
Plate7- — ¢9 the Force of B, which is 8, (notwithftanding that B acts in a contrary. Di- 
aad rection) the Sum 3 the Bosch being always taken, inftead of the Difference, 

whatever be the Direction; and then the whole Force will be 80. After the 
Stroke, as the common Velocity of the Bodies is but 2, the Force left in them 
will be but 16 which being taken from 80, leaves 64 for the Force {pent in 
denting the Bodies. 

_ N.B. Here it appears according to both Opinions, that in the Comets 
of equal unelaftick Bodies, the common Velocity after the Stroke will be equal 
to half the Sum of the Velocities of the Bodies before the Stroke, if they go the 
fame way ; and half the Difference of the Velocities they had before the Stroke; 
if they go different Ways. And likewife, the Velocity after the Stroke will 
be equal to half the: Velocity of the percutient Body, if one of the: Bodies: was 
at reft before the Stroke. 


Exreri MENT V. .Plate.7. Fig... 
ese A fet.out with the Velocity 8, and ftrike B, which is at reft; and 

Plate 7. both Bodies will go on with the Velocity 4. 

Pig. 7. He re the Momentum before the Stroke wholly in one Body is 16; and 
the fame after the Stroke, when both Bodies move, the Velocity decreafing in 
proportion to the additional Quantity. of Matter taken along: by the Body in 
motion, | ys 

ConstpERING this in the way of the new Opinion : "The Force of A be= 
fore the Stroke is 128 : but after the Stroke it is only 64, as the two Bodies 

\ go together. From whence it, follows, that the Force {pent in denting the 
Bodies muft be 64. If we compare this with the Experiment of Figure’ 6; 
we fhall have a Paradox, or feeming Contradi@tion ; becaufe in this the whole 
Force, as 80, produces as great a Shock ; that is, the fame denting in of the - 
Bodies, as the Force 128 in Fig. 7. But this will be folv’d by confidering 
that the denting in of the Bodies is according to the Square of the refpective 
Velocity of the Bodies, which is the fame in the Experiments of Fig. 6. and 


Fig. 7. 
Plate 7. T urs is confirm’d by the Experiment of Fig. 8. where the fame Force is 
Fig. 8. {pent in denting in the Bodies, as in Fig. 1. viz. 16 Degrees of Force; tho’ 


before the Stroke the whole Force was 80 in the Experiment of Fig. 1. and 

only 32 in the Experiment of Fig. 8. But the refpective Velocity was the fame,. 

and confequently its ee which the denting in of the Bodies is propor- 

tionable to. 

CoROLLARY, 

~ Hence follows, that the whole Effect of the Forces is confider’d in every 

Cafe, whether they act in the fame or in contrary Directions. Whereas the 

Momenta are only confider’d as the Quantity of Motion towards.the fame 

Parts ; adding them when the Bodies have the fame Directions, and fub- 

ftraéting the leaft from the greater when they have contrary Directions. - 
o 
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To fet this matter ftill in a clearer Light, I will here give by way of Annotat. 
Example what has been written by two Authors; the one in Defence of the Leé. VI. 
Old and the other in Defence of the New Opinion, with my own Remarks —~——~ 
upon each of them. The firft is fo much of a Manufcript Paper of Mr. Colin 
Mac-Laurin, (Profeffor of Mathematicks at Edinburgh) called a Treatife of 
Motion from Impulfe, as relates to the Meafure of the Force of Bodies in mo- 
tion, which, while we confider the word Force-as an inftantanecus Preffure, 
and fynonymous with Momentum, is unanfwerable in Defence of the old Opi- 
nion, But I have taken the liberty, by marginal Notes, to fhew that all that 
he fays may well be allow’d as true, without any way overthrowing or dif- 
proving any thing of the New Opinion: provided Mr. s’Grave/ande’s Expli-. 
cation of the word Force (eae iat the fame as many’ Authors on that fide have 
given for the Definition of it) be confidered all along. » . 


This Paper was given me a few Years ago, by. the late Mr, Charles, a 
Mathematician in London, who, at my defire bego’d leave of the learned and 
ingenious Profeffor that I might publith it, and acquainted me that I might 

do fo. 


Mr. Profeffor Mac-Lav r1n’s Differtation ; that is, fo much of it as con: 
| cerns The Meafure of the Forces of Bodies in Motion. * 


62. It was generally allowed, that the Forces of equal Bodies moving with 
different Celerities, were in the fame Proportion as thefe Celerities, till Mr. 
Leibnitz difputed this about the Year 1686, and advanced, that the Forces 
of equal Bodies were in the Proportion of the Square of the Velocities T. He 
has of late been follow’d by fome celebrated Philofophers in feveral Parts of 
Europe, who have advanced for his Doétrine fome Reafonings and Experi- 
ments more ingenious perhaps than thofe he himfelf produced for it. As this 
is the Queftion moft difputed on this Subje@, we fhall confider it fully ; and 
firft propofe the Arguments which feem to demonftrate the ancient Opinion, 
and then endeavour to confider impartially what has been advanced againgt it 
by thofe Authors. iy 


63. In the firft place it has been univerfally, allowed; that in the Collifion 
of Bodies, ACtion and Re-action: aré, equal, and the Favourers! of the new 
Opinion own that the Force gain’d’ in-a’ Collifion by one Body, is loft by the 
other, and converfely what is loft by one is’gain’d by the other. Let us 
therefore examine which Meafure will beft agree with this Principle, and_be- 
caufe fome of the Authors who ftand for the new Opinion, refufe-to allow - 
the poffibility of the Exiftence of hard Bodies, let us examine it of thofe that 
are perfectly elaftick. |Some things: we fhall be obliged to fuppofe will be 
fuch as are allow’d by both fides. . 

mv OL. Tt K 64. 

* NB. The Articles from the Beginning to fore we only begin at N° 62.. : 

N° 64. are foreign to our Purpose, aud there- +t Here begun the Mifunderftanding, é'c. 


66 
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64. Suppose with them that the Body A moves witha Velocity Vj and 
by the Intervention of Springs begins to act on the quiefcent equal Body B ; 


U+— then fince the Springs add to B the Force which they fubduct from A, what- 


Plate 7. 
Fig. 5. 


ever Force is taken from A (Plate 7. Fig. 5.) ought to be found accumu- 
lated to B: but it is certain that when the firt Period of the A@ion of the 
Springs is over, that is, when they are brought to their greateft Comprteffion, 
the Velocity of A is reduced to half of what it was at firft, that is, to V, 
and the Velocity of B being equal to that of Ain this Moment of Time (the 
refpective Velocity of the Bodies being then deftroy’d) muft be equal to the 
fame. The Force of A, according to the new Opinion, was at firftt VV, 
and is now iV x:V=iVV, and therefore the Force which A has loft, 
muft be2 VV. The Body B has acquired.a Velocity + V, and therefore, ac- 
cording to their Meafure, a Force? VV, which is but the third Part of what 
A has loft, viz, 2V V. Therefore according to their Meafure of Forces, Adtion 
and Re-action are not equal, fince the Body B acquires but! the third part of - 
what A has loft; whereas, according to what we cited from 4 learned Author 

that maintains the new Opinion, [in 4rt. 47.] the Diminution or Augmenta- 

tion of the one, is the immediate Effect of the fame of the other, and the Sum 

of the Forces ought not to-fuffer the leaft:Change ‘from the‘ niuttial’ Actions. 
of the Bodies. After the fame manner it may be thewn, *that in any other 

Moment of Time during the Actions of the Bodies upon one another, the. 
Force acquired by B, is lef$ than the Force loft by Ay according to'their Mea- 

fure of Forces, till at length the Aétion veafes, when according ‘to either Mea- 


fure, the Force of Bis found equal to the Force which A has’ loft. * 


65. lr the Bodies be unequal, it will be found ftill that the Foree gained 
by B in any point of Time before the Action of the Bodies is‘over, is ‘lef 
than the Force loft by A, according to’ their Meafure of Force. f° If A be 
lefs than B, it will be reflected backwards, but there is a Moment in which, 
the Force of A: is deftroy’d by the Adtion of the Springs, before they begin: 
to imprint on ita Motion inva Direction contrary ‘to that of its firft Motion. 
In that Moment the whole firft Force of A ought to be found in Bi, and 
after that Moment the Force of B, by the Aétion of the Springs ought ftill 
to ineweafe, iand ‘therefore become Preater than the firt Force of A ; but ac 
cording: tothe Meafure:of Forces which thefe: Authors contend for, the Mo-- 
tion, of Bis always) lefs than the. firft Force‘of A, even after the A@ion fs. 
ever. According to their Meafure you muft add to the Force of B, that 
with which Ais reflected; to make a Sum’ equal tothe firft Force of A. + 

| s { , ti) w H iis ry : ii 66. 
while they-arevtill bent. > pho oF 

| Not in B alone, but ‘in the Springs and B: 
+. So you mutt ; becaufe the Sum of all the 
Ations in any Direétion is their way of Mea- 


_.|* This Reafoning is not conclufive till) the: 
Springs have done acting ; and then it will fuit 
both Opinions. The Velccity multiplied into 
the Mafs being as the Momentum, and the 


Square of the Velocity multiplied into the 
Mafs being as the Force. 
t Part of the Force loft is in the Springs, 


furing, call’d the whole Effe& : which the old 
‘Opinion only ‘makes the Difference of Mor 


menta. 
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66. Their Eftimation of Forces therefore cannot be reconciled with the Annofat. 
Equality of Action and Reaction, or with the Preferyation. of the Sum of the Le&, VL 
Forces meafured in the fame Direction, its plain Confequence **, They-in, —~——s 
deed maintain the Prefervation.of the fame Quantity of abfolute Forces but have Plate 7. 
given no Reafon for it. ‘Phey muft underftand Aion and Re-a@ion in-a-man- Fi 5 
her not yet explain’d to reconcile it with their Dodétrine,’ and deduce from. i¢ 
the Prefervation of the abfolute Quantity ef Motion in the A@ion of Bo- 
dies {*. It willno doubt be denied by fome, that the Springs add to B, all 
that they fubduct from A ; who will pretend that a part.of the Force of A 
is employed in comprefling the Springs, whichis again reftored to the Bodies 
on theirexpanding themfelves ?.Jt cannot be denied).but that. Force is always 
required to,comprefs Springs, and confumed in doing it 5) but it appears very 
evident, that when Springs are:compre(s’d,, they muft endeavour -to expand 
themfelves withia| Force equal: to that. with which they ate comprefs’d, and 
therefore whatever Force is employed’ in comprefling them, and by the Re- 
fiftance of the Springs loft to A, in producing that Effet muft be commu- 
nicated to, B, by the. equal, Action! of the Springs, upon »it-(|*., There is: no- 
thing detracts from A, but the Refiftance of the Springs, and.the equal Aci 
tion of the Springs in the oppofite-DireGion, muft.add as much to B in every 
Moment ++. . To make this more plain .fuppofe: the equal Bodies. A and /B 
to act on the Springs in oppofite Direétions with, equal Forces, and they will 
compre{s the Springs, and by fo doing, lofe their Forces in the fame Degrees, 
till both) their, Motions be deftroy’d, Now in-this.Cafe, the Force of A com. 
prefles the Springs, and the Springs ating on B, take from it as much Force 
as A exerts upon them. \ The Force loft by A at any time, may. therefore 
be meafured by the Force which jis taken from B, or by the Compreflion of 
the Springs from A to C, but it would be manifeftly wrong to meafure the 
Force which A lofes by both thefe Forces ; for it would be to take it twice 
into the Account *.. In the fame manner. the Force which A lofes [in the 
64th Article] may be meafured by the Quantity of Force it has exerted, in 
comprefling the Springs» or the Quantity of Force which the Springs have 
eqmeuninaiscl: to. B 5 but it appears very unreafonable to fuppofe it equal 
to. both, 


67. I know no Principle more manifeft that can be advanced concerning 
Motion, than that equal Preffures or Impulfes in equal Times, muft generate 
or deftroy equal Forces ; certainly one who difputes this, means fomething by 
Force that has never yet been. explain’d, and perhaps cannot. are 


Now | find that the prefent Vouchers of this new Doétrine allow, that two 
Bodies A and B },:moving in oppofite Direétions with Velocities reciprocally 
K 2 : pro- 
** See-the laft Note. +t Not every Moment, but before they 
_T* They are equal at the End’of all the Ac- have done acting. 
tion; -becaufe the AGion takes up Time like © * “No, itis taking the whole Account. 
an abfolute Number equal to a Series. t They deny it, See SGrevefantle. 


l* And fo it proves when they have done 
atting. 
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Annotat. proportional to their Quantities of Matter inaéting on the Springs, exert equal 
Leét. VI. Effects, and meet with equal Refiftance from thefe Springs, and lofe their 
~~) Motion at once ; than which 1 know not any thing that can fhew more evi- 


Plate 7. 
Fig. Se 


Plate 8. 
Fig. I. 


dently that thefe Forces muft be equal. In like manner if the Springs after 
the Forces of the Bodies are deftroy’d feparate them, it is allowed that they 
will generate in the fame time in them Velocities reciprocally proportional to 
their Quantities of Matter’; it is alfo allowed that the Springs will exert equal 
Efforts upon them *, from which it feems plainly to follow, that the Forces 
are equal when the Velocities are reciprocally,as the Quantities of Matter in the 
Bodies ; and therefore the Forces of Bodies muft be eftimated by the compounded 
Ratio of the Quantities of Matter and the Velocities +. I know that thefe Au- 
thors infer from the Bodies meeting one another in C, (fo that A only de- 
{cribes the Kine CA, and compreffes only the Springs from A to C, while 
Bdeferibes the Line CB, and compreffes allithe Springs from C to B) that 
their. Forces muft be in the proportion of CA to CB. But I know no Reafon 
that ever was given for meafuring the Forces by the Number of Springs that. 
act'upon Bodies, rather than the Efforts which it is allow’d thefe Springs 
exert |. But of this afterwards, I fhall only obferve at prefent, that in 
Philofophy it muft be allow’d that a Force is equal to the Sum of all the Im- 
pulfes or Efforts that are employ’d to generate it, as in Geometry, That the 
Whole is equal to all the’ Parts, ‘fincé it is the Accumulation of thefe Efforts 
conftitutes the Force t of the Body. 


68. Iw the next place, the new Dostrine’ is inconfiftent with the Prin- 
ciples eftablifh’d. For if the Meafure of Forces’ which thefe’ Authors 
woud eftablith is jut, the Aétions of Bodies muft be very different ina 
Space that’ is mov’d with an uniform Motion forwards, and in a Space 
that is at reft. Letthe Space EFGH move with a Velocity as one in the 
Dire@ion E F, and fuppofe the Body A to be moved in the Space by means 
of Springs, or by any other Influence by a Velocity as ove in the Direétion of | 
the Motion of the Space, fo that its Velocity in abfolute Space may be as 
two. ‘Vhe Aion of the Springs raife (according to the new Opinion ) the 
Meafate of the Force of A from 1 to 4, thefe being the Squares of the 


Velocities which are as 1 to 2. The Springs therefore add to the Body a 


Force as 3; whereas had the Space been at reft, the Springs had imprinted 
on the Body a Velocity as 1, and a Force as 1 alfo. It is plain there-_ 
fore that the fame Springs or Agents exerting the fame Force do not act FT 
in the fame manner on the Body A, when the Space is at re{t, as when it 1s 
carried on with an uniform Motion, if their Doctrine is true ; and, yet this 


has 


4 The Author of the Difcourfe fur le Mouve- } Their Definition is, that the Force is 
ment, cited above, begins the State of this equal to tne Number of Springs that can be 
Cafe thus : Suppofans deux Corps en repos A bent. 

B, entre les quels eft un Reffort bande C, qui com- +t When by Force is meant Momentum. 

mencant a sé debander faffe un Effort de part tt It does act in the fame manner, produ- 

Es dautre peur éloigner Pun de Pautre les Corps cing the fame Velocity ; whence arifes.a Pa- 

A&B. + radox proy’d by Experiment. is 
+ They deny it. See s’Gravefande. 
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has been univerfally receiv’d, and is one of the Hypothefes laid down by the Annotat. 
learned Author of the Difcourfe on Motion, who {peaks thus on this Subject: Leet. VI. 
‘« Isa Force du Choc, ou de |’Adtion des Corps, les uns fur les autres depend L~y——2 
‘* uniquement de leurs Vitefles refpectives.” From thence he infers, it mutt 

be the fame in a Space that is at reft, as in a Space moved with an uniform 

Motion in any: Direction *. It is from this Principle, and not from his Efti- 

mation of the Forces of Bodies, that he deduces his Rules for determining the 

direé&t Collifions of two Bodies in the next Chapter of his Difcourfe and it is 

for that Reafon, that they agree with the Rules we deduce from our Principle, 

He does not bring in the Meafure of the Forces till afterwards. Now if the 

Force of the Stroke and Action of Bodies is the fame in a Spaceiat reft as in a 

Space mov’d uniformly, how can the fame Aétion produce on the fame Body 

a Force as 3 in the one Cafe, and as 1 only in the other + ? 


69. In general, if their Eftimation of the Forces is juft, the fame Effort or 
Aétion will produce on the fame Body a different Force in a Space, when the 
Velocity with which this Space moves is different. If the Velocity of the 
Space is m, the Velocity imprinted on the Body in the Space is 2; the Velo- 
city of the Body in abfolute Space will be m -- ”, and its Force mm +2mn 
-++ n, according to their Meafure of Force. 

Tue Force added to the Body by the Action of the Springs upon it, is the 
Excefs of this above mm, the Force with which the Body moves when it is at 
reftin the Space ; this Excefs is 2 mn —+- a, which Quantity not only : de- 
pends on x, the Velocity imprefs’d on the Body in the Space, but alfo on m, 
the Velocity with which the Space itfelf moves; and varies when » is the-fame, 
if m vary |. 


70. WueEn-I firft propofed this Argument ** againft the new Doétrine, I 
fuppofed a Perfon aboard a Ship, and another on the Shore making equal 
Efforts, and throwing equal Bodies A and Bin the Direction of the Motion of 
the Ship. I fuppofed that he omthe Shore imprefs’d on the Body Ba Velo- 
city, as 8, and inferr’d,, That the Body: muft move in the Ship with an equal 
Velocity as 8, and in the Air (if the Ship be fuppofed to move witha Velocity 
as 2) with a Velocity as 8 -2==10, . The Force of the Body, A: before it | 
receiv’d this new Impulfe was as 4, (its Velocity in the Ship being as 2)- ac- 
tording to the new Doétrine, and fince it ought to receive the fame Augmen- 
tation from the fame Effort as B, which receives a Force as 64, the:Square of 
8, the whole Force of A in the Air ought tobe 64-4 4 == 68.. , But fince its 
Velocity in the Airis 10, its Force ought to be 100, and not 64; from which 


Er. 
* It will appear hereafter, that this is not _ || Yes; becaufe according to the new Opinion, - 
univerfally true, &3c. the total Effect (which they call the Meafure of 


+ In the Syftem of Bodies among themfelves; the Force) is not proportional to the Sum of 
but not when Bodies in the Syftem aé&t on Bodies the Squares of m, and of 7; but to the Square 
out-of it: in which Cafe the Velocity of the of m+ x. 

Syftem itfelf isto be added to, or fubftraéted ** In the Piece that obtain’d the Prize’in 
from, “ae Particular Velocity of the Body a&t- the Royal Academy of Sciences in 1724. 
ing, Cs 
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Annotat. I-concluded, that this Meafure of Force could not.bejuft. /Ifuppofed after- 

Led&t. VI, watds, that thefe Bodies ftruck invincible Obftacles, one in the Ship, and the 

Lieeyme.other on the Shore; and becaufe they ought to lofe equal Quantities of Force: 
by thefe Strokes, and: the:Body B lofing the. whole Velccity as 8, ought. to 
lofes'a ‘Force as 643 the Body) A: lofing: the fame Force, sought» to 
be teducéed from a Force as'\100, (its Velocity in the Air being 10); to a Force 
equal to 100+ 64 = 365 whereas its Velocity isreduc’d to 2, and its Force 
cannot be more than 4, which again fhews this Meafure of Force cannot be 
jutt*.. This is the fame Argument I have given here; only, inftead of ai 
Perfon throwing the Bodies, I fubftitute Springs ; becaufe an ingenious Au- 
thor endeavours to raife fome Difficulties from the Re-action of the Perfon an 
the Ship, whith may in fome degree affect its Motion. It might be eafy. to 
fhew this cannot affect the Argument ; but, to avoid needlefs Difputes on this 
Subject, we have fubftituted the Springs, which do not appear liable to that 
Objection, efpecially as we confider them in the following Article. oe 


Plate 8. 71, For. this Argument will have anew Force, by fuppofing the Springs 
Fig. 1. plac’d in the Space acting on the equal Bodies A and B, and moying them 
with equal Forces in-oppofite Directions. Refuming the Suppofitions in the 
68th Art. the Springs being fuppofed to add to A a Velocity as 1,» muft fub- 
duct from B an equal Velocity ; and fince the Velocity of the Space, and all 
contained init was 1, the Body B will be abfolutely at reft, after the Springs 
have fubducted from it its Velocity and-Force, as 1. Now the fame Springs 
by the fame Action add to A a Forceas 3, and fubducét from Ba Force that as 
only as‘one. Yet it is plain the Springs act equally on thefe equal Bodies: 
Here then it is evident that this new Doétrine is inconfiftent with the »plaineft 
and cleareft Ideas we can frame of Force, Action and Re-action. Thefe Rea- 
fonings afte fimple and eafy, and moft fit for examining the fundamental 


Queftion +. 


72, In general; irefuming the Suppofitions of the 69th drt, the Springs add 
toi a Velocity as ”, and fubdu& from B an equal Velocity. Therefore the 
total Velocity of Amuft bem 4-n, that which they leave to Bimuft-be m— g, 
the:Square of theft are mm + 2mn—- nn, and mm —wmn +- nn ; the 
Forte therefore added to A by the A@tion»of the Springs is 2% m+- 27, that 
fubducted from B is20mn—nns fo that they add to A a‘Quantity of Force 
which ‘exceeds 'that which they fubduct from Bby 2 2, af:the. new Doétrine 
could be'true {]. <But-as itis impoffible they can aotherwife'in this. Cafe 
‘than’ to'produce equal ‘Effe@sion both, thisDoctrine muft be'rejected. 00.9 


73 

* The Effeét.is as the Square .of the total || There is no Paralogifm in this, if we con- 
Velocity, however produc’d. See the laft fider that thofe of the new Opinion meafure the 
ote. | Force by the Square of the Velocity, however 


+ No; fince all that the Springs do, is to _acquir’ds and indeed allow that what one gains 
encreafe the Velocity from.1.to 2; and bring . in Velocity the other lofes it ; but mot till after 
the Velocity of the other, tonothing._ . the Springs.have done acting. 


: ite 
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73. Iv does not add to: the Argument, but may:illuftraté the Force'of it, Ainotat. 
to confider, that according to this new Do@trine near 2000 times more Force Le&. VI. 
is added to the Motion of a Bady projected directly aft at the Equator, with —~—~ 
a Velocity that makes it defcribe a Mile in an Hour, than would be added to 
f if the Earth wasat reft; becaufe evr ry Body, by the Motion of the Earth, 
défcribes ‘there! near r000 Miles in an Hour, and by fuppofing the Earth 
to move ftill more fwiftly, a‘greater Force will be added in any Proportion, 
if this DoGrine:is admitted. , | 


74. Berore we leave this Argument we have this toadd, that a Body 
perfectly elaftick, A, moving witha Velocity as 101, and overtaking another 
equal Body Bperfectly elaftick, moving witha Velocity as 100, thofe after the 
Stroke exchange Velocities, and the Body B receives an Augmentation of Ve- 
locity: as 1, but’ an’ Augmentation: of Force according to the new Dodtrine Plate 8. 
equal to 101: x lor 41001 10201 — T0000 = 201 ; whereas if the fame P18: 2: - 
Body A, moving with aVelocity as 1; ftrike B quiefcent, they will exchange 
Velocity, and B will receive an Augmentation of Force as 1 only. Now in thefe 
two Cafesithe refpective Velocity is the fame; that is, the Velocities with which 
theyoapproach to each other, which in both Cafes is'aso1, and by the Paffage 
we cited from the fore-named Difcourfe; the’ A@ions depend ion the’ refpective - 
Velocities *; and hette ought'to:be thefame'y whereas the one produces’ an 
Augmentation of Force: lequal to 2015’ the’ othér'a. Force ast only; the one » 
fubducts from A a Force as 201, and the other fubduéts a Force as one 2 | 

In general, according to their Opinion, the fame A@tion in the fame Bo- Plate 8. 
dies muft produce different Effeéts, when that’ Velocity which is common to "8" 3: 
bothiis different; and'an Action that arifes from an.exceeding fmall refpeaive 
Velocity may produce a Force of any Quantity, tho’ never fo great. . 


75. We now proceed 'to'a new Source of Arguments, that arifes from the 
Compofition and Refolution of ‘Motion, which we fhall confider the more 
fully, becaufe it is from the fame Source, that'a very learned Mathematician 
has drawn Arguments for the new Doétrine, capable, .as he thinks, to con- 
vince thofe that are moft obftinately attached’ t6 the’ conimion Opinion. © Let 
us refume the Suppofitions of that Art. wheré we Gemonftrated the -Com- 
pofition of Motion. Only firtt fuppofe the Angle BAD to be! an acuteAn- Plate 8. 
gle, and the Force A C will be compounded of two Forces A B and A FY, Fig. 4. 
whofe Sum, according to their Meafure of Forces, is lefs than the Force A Ch 
Which they compound. For the Velocities being as the Lines A C, A Band 
AD, and the Square of A C exceeding the Sum of the ‘Squares of A D and 
DC, or of A Dand A B, by Prop. 11. Book2. of Eyclid, the two Forces 
in the Dire&tions A D and A’B mui, according to the new Doétrine, com- 
pound a Force A.C greater than their Sum. Now this appears againft the 

, cleareft . 

* This is not trze in all Cafes, . Meafures of the Forces, according to the new 
_ + The Change in the Bodies as to Velocity, Opinion, being (as has been faid) as the Square 
is the fame in both Cafes, and fo far Propor- of the abfolute Velocities ; no wonder thereap- 
tionable’ to the refpective Velocities ; but the pears fo great a Difference. 


Annotat. 
Lea. VI. leéted together fhould exceed their Sum in Geometry #: 


| ad 


f 
F 


7 2 


Plate 8. 
ig. 5. 


Force greater than their 
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cleareft Evidence, and as abfurd in Mechanicks as that two Quantities col- 


+6, It is fo far from true, that the Forces + A Band A D can compofea 
Sum, that it muft on the contrary be always lefs ; for 
the Force A B and AD mutt always produce a lefs Effect in any other Di- 
rection, as A C, than in their own refpective Direétions. Let D M andBN 
be perpendicular on A C, the Force A D, eftimated on the Direction AC, 1s 
found to give A M for its Meafure; and A B, eftimated on the Direction 
AC, is meafur’d by A N, as we fhew’d above ; and that thefe Quantities are 
lefs than A D and A B, is obvious. It will appear ftill more plain that A B 
and A D muft compofe in the Direction A Ca Force lefs than their Sum, if 
you compleat the Parallelograms A MDK, and ANBL. For the Force 
A D may be confider’d as compofed of the Forces AM and A K, and the 
Force A B, as compounded of the Forces A N and A L,. whereof the Parts 
AK and AL are oppofite and equal, and deftroy each other 5 fo that the 
whole Forces A D and AB are not accumulated in the Direction A C, but 
only their Parts AM and AN, which together are equal to A C, becaufe 
AM=CN, the Triangles ADM and BC N being fimilar and equal. 
Since therefore the Forces in the Direétions A Band A.D muft compofe: a 
Force in the Dire@tion A C lefs than their Sum, and yet the Squares of AB 
and A D, taken together, exceed the Square of AC, it follows, that thefe- 
Forces are not to be meafured by the Squares of thofe Lines, according to the 
new Dodtrine. 


7. Tuts will be ftill more evident, by confidering that it is allow’d on all 
fides, that two Preffures, or infinitely {mall Forces, (fuch as arife from the 
Weight of heavy Bodies aéting in the Directions A B and A D+, propor- 
tional to thefe Lines AB and A D) compound a Preffure in the Direction 
A.C, that is lefs than their Sum, “or in the fame Proportion as A Cis lefs than 
the Sum of ABand AD: fo that a Preffure at A is proportional to A C, and ~ 
acting in the Direction C A, is able to fuftain them, and take away all their | 
Effect. This istrue, for the fame Reafon for wehich we fhew’d that the two 
Forces in thefe Dire@ions A B and A D compounded a Force in the Direc- 
tion A.C. lefs than their Sum, but equal to the Sum of A N and AM, the 
Meafures of thefe Forces in the Dire@tion A C. As Forces are compounded 
and refolved in the fame manner as Preffures, which are only very {mall 

Forces, 


* To fhew the true State of the Cafe 5. if by 
Forces the Profeffor meant no more than Mo- 
ménta, (according to the old Opinion) then the 
Momenta exprefs’d refpectively by A D and 
AB, and aéting in thofe Direétions, will com- 
pound a Momentum reprefented by, and in the 
Direétion of, AC, which is lefs than the Sum 
of A Dand AB: and yet no Abfurdity follows 
from the new Opinion, which (by meafuring 
Forces, not by Momenta, but, by the Square of 


the Velocities) concludes, that on account of 
the Angle A B being acute, the Square of AC 
(which is the Force compounded) is greater 
than the Squares of A B and A D, the Sum of 
what they call the compounding Forces. : 

+ Here is to be obferved, that by the word 
Forces are only meant Momenta; and therefore 
what follows does not affeét the new Opinion 5 
and yet confirms the old, according to the Defini- 
tion given of Force in thefe that have defendedit. 
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Forces, and as Forces are produced by Preflures fumm’d up or accumulated Annotat, 
together, {fo it is evident the Reafonings about them in this matter ought to be Led. VI. 
the fame*. Suppofe that the elaftick Body A receives its Force in the Direc- LVN 
tion A B, from the equal elaftick Body H, and its Force in the Direétion Plate 8. 
A D from the equal elaftick Body G at the fame time. According to the Pa- Figs. 
trons of the new Doétrine, the Forces are communicated to. A by infinitely 

{mall Degrees, or by an uninterrupted Succeffion of Preffures, and the whole 

Force | communicated to A is the Sum of the Effe@s of thefe Preffures. 

Now in every Inftant the Preflure, or infinitely {mall Force imprinted on A, 

is lefs than the Sum of the Preffures exerted in that Inftant by Hand G, in 
proportion as A C is lefs than AB +- A D, asis allow’d on al! fides. There- 

fore the Sum of all the Preffures, or the Force imprinted on A, muft be le 

than the Sum of all the Preflures, or the Sum of the Forces exerted by H and 

G in the fame Proportion of A Cto AB---A D3; that is, the Forces of 

A H and G muft be as the Lines AC, A Band A D, and not as their 

Squares. It is not poffible to conceive that while the Force in A arifes from 

the Accumulation of the Preffures, or infinitely fmall Forces which it receives 

every Moment from the Actions of H and G, and each of thefe Preffures, or 

infinitely {mall Preffures, is lefs than the Sum of the AGions of H and G that 

produce them ; yet the whole Force of A fhould neverthelefs exceed the Sum 

of the whole Adtions or Forces of H and G. | {peak here of infinitely {mall 

Forces, to comply as much as poflible with the Stile of the Favourers of this 

new Opinion. 


78. As two Preflures, Weights, or infinitely fmall Forces in the Dire€tions 
AB, AD, compound a Preflure or Effort in the Direction A C lefs than their 
Sum, (becaufe fome Parts of thefe Preflures’are oppofite, and deftroy each 
other) fo this muft hold while the elaftick Bodies Hand G are acting on A. 
In every Inftant a Part of their Effect is deftroyed in this Oppofition, while 
_ the elaftick Parts yield and reftore themfelves again from the Beginning of 
the Action to. its Confummation. The effe& therefore produced upon A, mutt 
be lefs on this account, than if there was no fuch Oppofition; that is, the 
whole || Force communicated to A, muft be lefS than the Sum ‘of the Forces 
HandG. There can be few things faid concerning Vorces and Preffures, 
that can be more plain and evident than this feems to be. It feems very clear 
that a Force is equal to the Sum of the Preflures, or infinitely {mall Forces 
that are wholly employ’d in producing it, and that produce no other Effect 
but it; only the Parts of Preffure of Hand G, that are as AN and MN, 
are thofe which are totally employ’d in generating the Force of A, and have 
ho other Effect but that Force only; while the Parts that are as BN and 


DM, 
. * Tho’ we mean the fame thing by Preffures new Opinion. 
and Forces, according to the old Opinion, they || This will be all right if the word M- 
do not.—See s’ Grawe/ande in feveral Places. mentum be fubftituted inftead of the word 


+ This ought to be call’d the whole Mo- Force; but this will bring no Abfardity on the 
mentum ; and it will be allow’d by thofe of the new Opinion, &c, 
Vo L. I 2 4 
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Annotat. D-M, or as AP and AQ, equal and oppofite deftroy each other’s Effect, 

Lect. VI. and contribute no part towards the Force of A. The Force therefore im- 

———~ printed on A in the Direétion AC, is the fame as if Preflures equivalent to 

Plate 8. the Parts of the Preffures of H and G, that are as A M and AN, were a&- 

Hig: 5: ing upon it only ;and this Force muft be to the whole Force of H and G, as 
AN +AM (=AC) that expreffes the Sum of the Preflures, is to AB or 
AD, and not as the Squares of thofe Lines. 


79. Tue firft Action of H and G in the Direction A B and A Don the 
Body A, when they begin to comprefs its Parts, and pufh it in the Line 
AC, are Preflures proportional to A B and AD, and generate in A an infi- 
nitely little Force, or Preffure, proportional to the Diagonal A C, as the Au- 
thors on the other fide of the Queftion muft themfelves allow. The fol- 
lowing Actions obferve the fame Proportion. How can the Force of A there- 
fore become ever fuperior, or even equal to the Sum of the Forces which H_ 
and G lofe in aéting upon A, fince AC is always lefs than the Sum of 
AB and AD*. We have fuppofed the Bodies elaftic, and the Aétion to 
proceed by infinitely fmall Degrees in conformity to their favourite Principle, 
or Law of Continuity. But if you fuppofe the Bodies perfectly hard, and 
the Adtion to be begun and confummated in a Moment, it will be evi- 
dent, that in that Cafe the Actions can be eftimated no other way, than as _ 
Preflures in the fame Diredtions are eftimated by all Authors. The oppo- 
fite Parts of the Forces AB and AD, which are AP, AQ, deftroy each 
other; and the Parts that remain, AN and AM, produce a Force equal to 
their Sum ACT. 


80. AccorpiNnG to the new Opinion, ‘when the Angle BAD is a right 
Angie, the Forces as AB and AD generate in A in the Direétion A C, 
a Force equal to their Sum. Suppofe that Angle to become acute, and 
the fame Forces generate in A a Force greater than their Sum, and when 
the Angle BAD is infinitely acute, the fame Forces generate a Force in A 
that exceeds their Sum as much as the Square of AB-+-AD exceeds AB? 
+. A D7; fothat if A B= AD, they will in that Cafe generate in Aa Force - 
double of their Sum, for then the Square of A B ++ A D will be equal to the © 
Square of 2 AB; that is, to 4 A Bz; tho’ the Forces that produce this,. 
taken together, are equal to2 A B? only, according to their own Computa- 
tion. How can they pretend therefore to build on the Prineiple, that Effects” 
are proportional to their Caufes, when a Caufe in this Cafe produces an Ef- 
fect of the fame kind double of itfelf |} ? 


Se 


* This is allow’d to be true of the Mo- | Beeaufe a double Momentum may produce a- 
menta. quadruple Effeét, according to the new Opi- — 


+ Here again fubftitute Momentum to the niom, if the Velocity is double. 
Word Force, and all will be right. 
I 
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Annotat. 
81. Ir appears,\that when two Forces aéting in different Dire@ions com- Led. VI, 

pound a third Force in a new Direction, this third Force cannot be equal to =<" 
the firft two taken together, but to thofe Parts of them only as are their Mea- 

fare in that third Direction, the other Parts being oppofite and equal, and de- 

ftroying each other. This is eafily underftood to follow from the Principles 

of Motion, which require only that the fame Quantity of Motion or Force * 

fhould be preferved in the fame Dire&ion ; and from this i¢ follows, that 

when a Force is refolved into two that compound it in their refpective Direc- 

tions, their Sum muft exceed the firft Force: As this is objected to the com- 

mon Opinion, we fhall endeavour to fhew how it neceflarily flows from the 

Principle of Motion. 


82. Suppose the three Bodies A, B and C, are equal to each other, and Plate 8. 
perfectly elaftick. Suppofe that A and B move in the Dire@ions A C; ‘BC! Fig, 6. 
perpendicular to each other, with equal Velocities, which we reprefent by the 
equal Lines A Cand BC, and let A and Bat the fame time ftrike C quiefcent 
direétly ; then fhall A and B ftop, and C move with a Motion compounded of 
the two, which it has receiv’d from A and B in the Dire@ion FC D, which 
bifects the Angle ACB. Take CK and CL equal to A Cand BC, and 
compleat the Square CK DL, and the Body C thall defcribe the Diagonal 
CD in the fame time that A and B would have deferibed the Sides of the 
Square. In the firft place, the Force with which the Body C moves muft be 
lefs than the Sum of the + Forces A and B, becaufe thefe Forces, which are 
as AC and BC, may be refolved each into two, viz. the firtt into. the Forces 
A Fand AM, the fecond into the Forces B F and B N, whereof thefe in the 
Direction A F and BF deftroy each other, and have no Effect on the Body 
C; the other two, which are each as F C, are accumulated in C, and confti- 
tute the Motion as CD = 2 F C, which muft be lefs than A C and BC. Plate 8. 

“ THERE is another way whereby the Favourers of the new DoétrineFis- 7. 
“ think to prove their Affertion, by confidering the Refiftance of Springs in 
“* the following manner. In order to prove that the Body D, (acted upon by 
** two Forces, whofe Quantities and Dire¢tions ate reprefented by the Lines 
“ DE and DF) going in the Diagonal Line DC, hasa Force as the Square 
“of its Velocity, (D C2) they alledge that a Spring fix’d at A will be bent 
** by the Body C coming from D with the Force E C, and afterwards the 
“Body going to an equal Spring at B, that Spring will be bent with a Force 

CB=FA. Confequently that the Refiftance of the two Springs being 
* equal to the Actions by which they are bent, (viz. EAxAB=DFx 
“ DE) are the Meafure of the Force of the Body moving in the Diagonal 
** DC, that is, as the Square of its Velocity. 

“* Now that the Sum of the Refiftances of the Springs are not the Meafure 
“ of the Force of the Body bending them, will appear, if we confider that their 

Refiftance may exceed | 
IL, 2 [N. B. 

* Thefe are not fynonymous, &&c, + Provided no more is meant by Force than 
Momentum, &F¢. 


\ 
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Annotat. N.B. 4 Leef of Mr. Profefor Mac-Laurin’s Manufcript being loft, I 
Lec. VI. have bere fupplied what I fuppofed was wanting. rene 

—y~—_ may exceed the whole Force of C, becaufe the one aéts againft the Body ob- 

liquely ; and, befides diminifhing the Force of the Body, changes its Direc~ 

tion. It is certain that the Spring A acts at difadvantage againft the Motion. 

of the Body, while the Spring at B acts directly againft it, and employs its 

whole Refiftance in deftroying its Motion, . The Spring A. has,its whole’ Ef- 

feét in that Dire@tion in which it refifts, (viz. in the Dire@tion:C E,, or FD) 

and has an Effect in that Direction equal to the Effect of the Spring B in)the 

Dire&ion B A, in which that Spring refifts. But the Spring A has not, fo 

great an Effect in the Direction CD; for that isnot the Direction in which it 

acts, but oblique to it. Ifthe Spring A acted with the fame Advantage as B; 

they would together producea greater Effect than in the Situation they have in 

- the Figure; and therefore the greateft Refiftances which they are able to exert 

taken together, muft exceed the Force of the Body C. Thus it appears that 

this Argument, inftead of overthrowing our Doctrine, confirms it, and that 

they who advanc’d it fuppos’d thefe Forces to be equal; which, according to 

ithe known Principles of Mechanicks, are unequal.’ As in other Inftances they 

/negleé&t the Confideration of Time in reafoning about the Forces of Bodies; fo 

/ here we find that they have no regard tothe Dire€tions of Forces in eftimating 

their Effects. If it is afked what becomes of the Excefs of the Force of the 

Spring A, above what is fubducted from the Force.of C ; it may be anfwer’d, 

that it is not without its Effect: forthe Direction of the Body is chang’d from 

the Line D A into the Line A B, and no other Principle, either in Metaphy- 

ficks or Mechanicks, teaches us that this Effect is to be neglected in comparing 

the Caufe and Effects together on this Subject... On the contrary, there are 

many Inftances where a Force is employ’d in producing ‘a Change in the Di- 

rection of Motion, only without either accelerating or retarding it. 4 4) : 

Tue Force that is fufficient to carry a Body upwards in a Perpendicular to 

the Horizon, to a double Diftance from. the Center of the Earth, is equal to that 

which imprinted in an horizontal Direction would carry it in a Circle about the 

Earth for ever: and yet the firft would overcome the Refiftance arifing from the 

Gravity of the Body fora certain Time only ; whereas the other would overcome 

that Refiftance for ever, without any Diminution of Motion. In the firft Cafe, 

the Gravity of the Body would act directly againft its Force; in the fecond, it 

would act ina Line perpendicular to the Direction of the Motion of the Body. 

Th the firft Cafe, the Action of Gravity is entirely employ’d in confuming the 

Force of the Body ; inthe other, in changing its Direction only. Thus far Mr. 

Mac- Laurin. . > 


Wuat has been written in defence of the new Opinion, in Oppofition to — 
the Favourers of the old; where the Author has carried the Matter farther 
than was fuitable to the Nature of his Subject,. is a Differtation by Fridep. 
Wilhelmus Stubner, who thought that Jime might be taken in the Confidera- 
tion of the Meafure of Force, according to the new Opinion: but there the 
‘whole Effect fhould be confider’d, without any regard to Zime.. Mr. Charles 


L'Abelye,, 


wo 
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L’ Avelye, Engineer to the Commiffioners for. building of Wefiminfier Bridge, Annotar. 
has very well diftinguifhed upon that Subject; and thewn very plainly, where- Leét. VI. 
in Mr. Fred. Wilbel. Stubner has been miftaken, in a Letter fent to me in ————~ 
the Year 1735: which I take the liberty to publith here; becaufe 1 would 
omit nothing that may ferve to clear up this Matter fully, that there may be 
no'more Difputes about it. 


To the Reverend Dr, J. T. Desacuuigrs, LL.D. F.R.S. 
| Apriltheyrsth, 1730. 
_ Reverend SIR, 
Have drawn up, according to your Defire, an Account of Mr, Stub- 
ner’s pretended Demonftration of the new Opinion relating to the - 
Forces of Bodies in Motion ; and I have added, at the End, fome Re- 
marks, wherein I have laid open the Paralogifm. I could have with’d it 
had been poflible to have reduced it into a lef Compafs, which I found 
difficult to do without running the rifque of not being clear, or leaving 
out the feveral Quotations, to which the Reader muit be referr’d, not 
only out of our Author’s Differtation, but alfo out of Mr. Weolfius’s Cof~ 
mologia.. Pleafe to alter, and corre it, where you'll find it neceflary ; 
and difpofe of it, as you thall think moft proper. Pleafe to take notice 
that our Author having made ufe of the German Algebraical Notation; 
and. that. Notation being lef known in England than the other, I have 


taken the liberty to alter it accordingly in Yossie 


Ln Account of a Latin Differtation, intitled 


FRIDER. VILELMI STUBNER, A.M. ORD. PHILOS. 
LIPS. ADSSESS. REGIAE SOCIETAT] SCIENTI A- 
RVM BORVSSICAE, QVAE BEROLINI FLORET 
_~ ADSCRIPTI., DEMONSTRATIO, VERAE MENSV- 
RAE VIRIVM MOTRICIVM VIVARVM, E LEGITY. 
MIS PRINCIPIIS DYNAMICES LVCVLENTIVS Ex. 
POSITIS; PETIT A, 
. Y That is 
The Demonftration of the true Meafure of the Forces of Bodies in motion, de- 
duced from the received Principles of the Dynamicks, and thofe Principles 
more clearly explain’d ; by Fred. William Stiibner, A.M, Gc, &c, Be. 


Towhich are fubjoin’d fome Remarks, wherein is fhewn the Paralogifm of 
this pretended Demonftration. This Differtation containing 22 Pages in 
Quarto, {mall Letter, befides the Title-Page, and a Preface to the Reader, 
containing two Pages, was publifhed about the beginning of the Year 1 7345. 
the Date at the End of the Preface being Leipfick x. Decemb, 17392011 


fhall 
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Annotat. fhall tranflate from the Author, not only all the material Part, but alfo 
Leét. VI. whatever may ferve to explain, or give a full Idea of the Author’s Rea- 
wy fonings ; and left it fhould be thought I might have given, any where, 

a Meaning to the Ladin of this Author different from the true one, I have 
placed the Words of the Text, and of the Original Quotations, at the 
bottom of the Page, that the. P.eader may have itin his power to com- 
pare them. Our Author expreffes himfelfin the Preface to the Rea- 
der as follows : 
“ Ihave endeavour'd (as muck os I could) to follow, with the utmoft 
rigour, the Method of the Mathematicians in my Reafonings: being of 
opinion it would be the moft accepi able; fince the Difpute about Forces 
1s a Subject intirely Mathematical.” | 
And a little farther he adds, 
«As the Reafoning I have made ufe of to eftablifh the true Meafure of 
Forces, feems the moft natural that could be offered, and as the firft 
Chapter of this Differtation (wherein the Principles of the Dynamicks,. 
or Forces in general are delivered) contains nothing but Truths agreed 
“on by all fides, I have premifed it in this place, partly that the Read- 
“ er may not be obliged to feek for the Proofs any where elfe, fince he 
can have them ready at bis hands, and partly to ufe my Endeavours 
‘* to illuftrate, or prove more evidently than what 1s generally done, “ge 
«« Dynamick Principles, tho they can’t be made more certain than they 
“ are. For which Reafon, Ibope this Differtation will determine, and 
‘© end the Controverfy about the Meafure of Forces of Bodies in Motion, 
“ and bring to our Opinion thofe that thought otherwife.” (TAA 
Tue Diflertation itfelf is divided into two Chapters, in the firft our 
r Author delivers what thofe Gentlemen, which efpoufed Mr. Lezhnitz’s 
Opinion, as to the Meafure of Forces, call the Principles of the Dyna- 
micks, or of Forces in general. I fhall fhew hereafter that the Forces 


of 

Quantum valui, Mathematicam Methodum, ejufque fummum Rigorem, 
adfequi contendi, ratus, non vitio id mihi verfum iri, quum prefertim de pro- 
pofitione Mathematica omnis controverfia fit. | 
Quontam hee Argumentatio, qua ufus fum, pro adftruenda vera men- 
fura virium, omnium maximeé naturalis videtur, totumque primum tractatio- 
nis caput, de principiis Dynamices legitimis, conftet veritatibus quibus omnes 
adfentiuntur, & que folum ideo a me repetite funt, ut partim lectoribus pre- 
fto effent, nec aliundé petenda forent convictionis fubfidia, partim, quum 
certiores ill reddi nequeant, evidentiores aliquo modo, mea qualicumque 
opera, fierent, quam vulgo proponuntur confido fore, ut hac {criptione, om- 


his controverfia de vi metienda motrici finiatur, fecufque fentientes, ad noftram | 
pertrahantur fententiam. 
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of Bodies already in motion, (which is the Subject in difpnte) are not Annotat. 
fubjected to the fame Rules which are delivered here, for the Meafure Lec. VI. 
of Forcesin general ; and that the Theorems contain’d in the firft Chap- <v—™~ 
ter of this Differtation are true, only of the Forces which put Bodies 
in Motion, or change the Motion they had before, either as to Inten- 
fity, or Direction, or both. 

Our Author fays, in the beginning of the firft Chapter, that He 
fuppofes his Readers have a clear Notion of what they call Vires Mo- 
trices, or the Forces of Bodies in motion, and that thof who are not 
as yet fufficiently acquainted with thofe notions, muft confale the fa- 
mous Chr. Wolfius’s Cofmologia. As this Book of Profeflor Wolfus is not 
vety common in England, I have tranflated out of it, in this place, 
what our Author mentions, and whatever elfe may ferve to thew the 
real Notions of that learned Profeflor and his Followers, 

“ §. 129. All Bodies refit to Motion. | 

“ §.130. The Principle of Refiffance to Motion in Bodies, ts called 
“< the Vis Inertie, or the pafive Force. | 

~ §. 132. 4 Body refifis to every change by its Vis Inertic. 

“ §. 135. Since a Body aéts, to put another quiefcent Body in mo- 
“* tion, or to alter the Motion of a Body already in Motion, either as 
“ to its Direétion, or its Celerity, or as to both; a Body being once in 
** Motion, is endowed with a Force to a&. | 
© §. 137. This Adive Force is called the Moving Force (Vis Mo- 
“ trix) decaufe it is infeparable from local Motion. 

“§: 149. This active Force (Vis Motrix) confifts in @ continual En- 
“ deavour to change Place. 

“ § 170. All Matter is in a continual Motion. 

“ § 356. 4 Force is faid to be dead (Vis Mortua) which confts in 
: nothing 
§. 129. Omne Corpus refiftit motui. 


§. 130. Principium Refiftentie motus in corporibus dicitur Vis Inertia, 
five vis paffiva. 
~ §. 134. Corpus vi inertiz omni mutationi refiftit. 
 §. 135. Quoniam corpus, vel quiefcens ad motum concitans, vel in motu 
conftitutt_ motum immutans, five quoad direftionem, vel ad celeritatem {o- 
lam, five quoad utramque, agit, corpus in motu conftitutum vi agendt prédi- 
tum eft, : 

§. 137. Vis illa corpotum attiva dicitur Vis Motrix, quia femper motui lo- 
eali adheret, 

§..149. Vis motrix confiftit in continuo conatu mutandi locum. 

§. 170. Omnis materia in continuo motu eft. 
 § 356. Vis dicitur Mortua que in folo conatu ad motum. fubfittit—- 
ut 
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Annotat. © nothing but the Endeavour, or the Tendency to Motion. Such is 
Le&t. VI.“ Gravity as long as a heavy Body, hung by a Thread endeavours to 
tm «defend, but cannot actually defend. Such ts alfo the Force of a bent 

“ Spring, whilft it endeavours to reftore it felf to tts natural State; but 
“< cannot reftore it felf on account of an Obftacle, bie. : 
« §. 967. 4 Force is faid to be alive, or quick, (visViva) which always 
“© accompanies adtual Motion, and tends to produce a local Motion. \ There 
«7s fuch a Force in a Body, falling by Gravity, when it bas already 
* acquired fome Degrees of Velocity, and fuch a Force is alfo found ina 
“ Spring, whilft it does actually unbend st/elf ; nor is the Force of a Bul- 
© fer, fhot by the Force of Gun-powder out of a Cannon, different from 
«this. Mr. Leibnitz was the jirft, who begun to enquire into the Dif- 
<< ference (between thefe two forts of Forces Vis viva & Vis mortua, which 
«had been neglected till then, by the Mathematicians as well as the Phi- 
‘€ Jofophers) in the Ata Eruditorum A.D. 1695. page 149. | | 
“ §. 471. A hurtful Effect (eftectus nocuus) 7s that which deftroys 
“< the Force, by which it 1s produced; but a harmlefs Effect (effeCtus in- 
“< nocuus) is that which does not deftroy the moving Force, but leaves it 
“ unalter'd. For Example, in an uniform Motion, the Effedt of the 
«* Vis motrix zs to carry the moving Body thro’ Space. Now if the Mo- 
‘© tion is perform’d in a Medium that does not refit, the Lifect is harm- 
«© Jef; (innocuus) : If the Motion is perform’d in a refijling Medium, it 
“zs certain that the Velocity, and confequently the Force decreafes con- 
“ tinually, and therefore that Effect is hurtful (nocuus.) bad. 
§. 473. The hurtful Effects, are as the Forces which they deftroy,8cc. 
| ~ Hence 


ut gravitas quamdiu grave ex filo fufpenfum defcendere nititur, tamen actu 
defcendere nequit : etiam talis eft vis in Elaftro tenfo, dum fe reftituere niti- 
tur, ob prefens autem obftaculum reftituere nequit, €c._ , 2 
§. 357. Vis viva, que cum motu actuali .conjundta. eft, ad motum loca- 
lem porro producendum tendit ; Vis viva eft in gravi cadente ubi jam aliquem 
gradum ¢eleritatis adquifivit. “Talis etiam deprehenditur in Elaftro tenfo dum — 
actu reftituitur, nec alia inef{t globo, vi pulveris pyri, ex. Tormento explofo.; Dif- 
ferentiam Vis vive a mortua, cum a Philofophis, tum a.Mathematicis, neglectam 
primus ferutari cepit Leibnitzius in Acta Eruditorum A, D, 1695. pag.149. > 
§. 471. Effectus nocuus, eft qui vim, qua producitur, abforbet ; Effectus 
vero innocuus, eft qui vim motricem non abforbet, fed eam iitemeratam 
relinquit, Ex, gratia, in motu equabili, effectus Vis motricis eft.tranflatio mo- 
bilis per fpatium, enimvero fi motus fit in medio non refiftente, effectus in- 
nocuus eft; fi movetur in medio refiftente, conftat. celeritatem continud de- 
crefcere, & confequenter vim quaque ;. effectus ergo nocuus eft. eet od 
§. 473. Effectus nocuj fant, ut vires quas abforbent, &c. hinc pervulga- 
' €um 
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‘ Hence that famous Theorem, which Jays, that the Effets mutt be Annotat. 
‘ proportionable to the Forces, or the Caufes that produce them) Lect. VI. 
“| mujt be underftood only of the hurtful Feffeéts (effectus nocui;) decau/s 
the fame cannot be demonftrated of all Effects in general, and the con: 
“trary rather may be foewn, as is plain from the very Definition, of 
“ the harmlefs Effects (effeGtus innocui,) has 
_ “ § 474. Since the Quantity of the hurtful Effects (effectus nocui) 
* depends intirely on the Quantity of the Forces which they deftroy ; in 
“ the Ejtimation of thofé burtful E,fedts (effeus nocul) zo regard 7s te 
“ be had to the Times.” 
Havinc now premifed Wolfius’s Definitions, which our Author fup- 
pofes his Readers to adopt as hé does himfelf, I fhall proceed to give 
the Subftance of our Author’s Differtation.—He proceeds next to. deliver 
his Notation, that is, to expound the Symbols he employs, which are as _ 
follows. a 
IF two Forces produce their Effeéts ‘by acting, or continuing to a@ 
during certain Times, and thofe Forces be reprefented by V and v, the 
Effect of the Force V produced in the Time ‘T » he calls E, and the 
Effect of the Force-v produced in the Time # he calls e, 
I fhall fhew hereafter, that notwithftanding our Author applies’ this 
-Notation, and what he deduces from. it, to all Forces in general ; it ought 
only to be applied to the Forces by which Bodies are put into motion, 
_or have their motions altered ; and that it is of fuch Forces only, which 
ate greater or lefs, or rather, which produce a greater or a lefs Effect, ac- 
cording tothe times during which they act,that it may be affirmed, what 
our Author delivers in the four following Propofitions, in which is fum- 
med up all the Doétrine contained in the rs Pages of his firft Chapter, 
— “ §. 34. °The Effedts ‘that are produced by the fame or equal Forces, 
“are in the Ratio of the Times during which they are produced ;:{o' that 
“af Vv, thence Dy: £53, Bote: . oy ant 


na wv 


c€ §. 


‘tum iftud Theorema, de effectibus caufee fen viribus caufe fax proportionali - 
us, non intelligendum nifi de effectibus nocuis, neque enim in genere de 
effectibus id demonftrari poteft, quin potius contrarium oftendi poteft’; imo 
~€X. ipfa definitione effe@us innocui per fe patet. 
«3: 474. Quoniam quantitas effe@tuum nocuorum pendet a quantitate vi- 
lum quas abforberit, in effetibus nocujs eftimandis, non habenda eft ratio 
Temporum, _ ? 2 
§. 34. Effectus. ab sequalibus viribus, | vel-eadem vi preeftiti rationem tem- 
an a quibus producuntur ipfi fequuntur, ergo fi erit V==v erit etiam 
“ 
BOL. If, M §. 35. 
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Annotat.’ |“ §..35. Jf two Forces produce, unequal Effects, in different Times, 
Le&t. VI.“ thofe Forces are ina Ratio compounded of the direct Ratio of thofé 
av «Effects and the reciprocal Ratio of the Times; that is, thofe Forces 

« will be as the Effects they produce divided by the ‘Times during, which 
they act, So that V:u:;Er:eT, or Viv: me for if the 
. . é é 4 
« Force vin thetime ¢, produces its Effect e, the Force V in the fame time 
« ¢ will produce an Effect == ey) fince in equal times the Effects’ are 
« as the Forces: Moreover, if the Force Vin the time ¢ produces: an 
Effect =~ , that fame Force V, in the time T, will produce 
© an Effet == — (by the laft Parag. 34.) but the Effect of the Force 
tw 
« VY, in the Time T, is == E ; therefore a —= EF, confequently TeV 
Fikes , 
« ——¢yE, and therefore V:v:: Ef: éTyss ae +s ae =: 

© §. 36, Therefore the Effects of Forces in general are in a Ratio 
<< compounded of the dirett Ratio’s of the Forces, and of the Times ; that 
« is, the Effe@ts of Forces, are as the Forces multiplied by the Time 
* of their Action, becaufe by the laft we have Te V==tEy, it follows 
tlithat ds aq SV wt 

$©§. 37, Moreover, fince Te Va=tEv, it follows alfo that T :¢ 
Was Base VS: = f 5 that is, the Times are in a Ratio compounded 

dt : af 

§. 35+ St vires due effectus inaequales,. inzequalibus in temporibus - produ- 
xerint 5 {unt ile in ratione compofita, ex effectuum direéta, & temporum 
inyerfa rationibus, dico, fore Viv:iEe:e Ts: ae “~ . Nempé fi vis v 
iproducet, ‘in tempore ¢, effectume,. producet vis V, in eodem tempore /5 ef- 


wn 


Vv rad ° ° i é ess : = 
fectum — , fi porro vis V in tempore 7, producet effectum ——, “VIS eadem. 


; V . ° ri 
V, in tempore T producet effectum am 5 fed effectus vis V, an, (tempor 


1 — b7 ergo ihe 

; Prenie 
mi. ficy Bhachig. scm | ) : 

hilo” (cee | 3 “Rati ompofita, € | 

§. 36. Sunt adeo effetus guarumcumque virium,, 1D Ratione compolita, © | 

Rationibus direétis virium & temporum, namcum T-e Vet v,"erit coma | 

Ere t: AaV PU.) 


$. 37: Porro quia eft Te V=i FE v,erit-T 3+: 


=—E & TeV —;yE, ac denique V:v: Eee "Tos 


| 
j} 
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« of the direct Ratio of the Effects, and the inverfe Ratio of the Forces ; Annotat. 
«© or as the Effects divided. by the Forces, by which they are produced,” Lect. VI. 
Our Author endeavours in his fecond Chapter to apply thefe Dyna. “~~ 
mick Principles delivered in the former Chapter, to the Forces that exift 
in Bodies that are in motion. — I fhall firft relate the Subftance of this 2d 
Chapter, and then make fome Remarks upon the whole. 
& §, 38. The Impetus of a Body (called by the Englith, Momentum, 
« and by Sir Maac Newton, Quantitas motus) is the Product of the Majs 
“ of the Body multiplied into the Velocity with which it moves ; fo CxM 
« ——CM is the Impetus (or Momentum) of the Body M, moving on 
« with the Velocity C, in the fame manner cx m == c m is the! Impe- 
‘* tus (or Momentum) of another Body m moving with the Velocity ¢. 
“ §. 40, The Effect of the Vis Motrix, or the Force of a Body in Mo- 
“ tion, 1s what that Force produces.’ 
© §. 41, The Effect of the Force of a Body in motion (Vis Motrix) 1s 
the Impetus (Momentum) which the Body in motion bas. 
<« §, 42, The Effects of the Forces of Bodies in motion (Vires Motti- 
«“ ces) are proportional to the Impetus (or Momenta) of the Bodies in mo- 
“ tion, by the Action of thofe Forces. 
<< §. 1, Thofe little Intervals of Time, during which the Bodies are 
< found or remain (herent) in every point of the. Lines of Direction of 
‘© their Motions, are reciprocally proportional to the Celerities with 
“ which the Bodies move. — 
“ §. 53, and the following. The Times which are fpent by the Vires 
“ Motrices, (or Forces of Bodies in Motion) in producing their Effects, 
<< are reciprocally proportional to the. Celerities, with which thofe Bo- 
“ dies are carried by the Action of thofe Forces. 


ce §. 


Nn 
proindé tempora in. ratione compofita, ex effetuum direéta, & virium in- 
verfa, OS SE Zig RT a. aah ep Piet 
§. 38. Impetus ‘eft productutn Maffe corporis, in celeritatem, qua mo- 
vetur, fic Cx M = CM eft impetus corporis M, moti celeritate G&Sicht 
¢xm = cm eft impetus alius corporis m moti celeritate c. 
~ §. 40, Effetus Vis Motricis eft id quod vis motrix producit. 

§ 41. Vis Motricis effectus, eft impetus quem corpus motum habet. 
 §. 42. Effe€tus virium «motricium funt impetibus proportionales quos cor- 
pora ab illis mota habent. © Ne : 
'§. 51. Tempufcula per que corpora berent in fingulis punctis fuarum di- 
rectionis linearum, funt celeritatibus quibus corpora moventur reciprocé pro- 
portionalia. | 
 §. 53, €&F feg. Tempora que a viribus motricibus impenduntur  producen- 
dis effectibus fuis funt reciprocé proportionalia celeritatibus, quibus feruntur 
corpora illis viribus mota. M 2 
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Annotat: 


Le&. VI, 
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6%. 66. The Forces of Bodies2n moation'.(Vires mmotrices, which al-" 


(a5 


< 


ways accompany Motion) are inva Ratio: compounded: of the direct 
Ratio’s, of the Squares of the Velocities; or Celerities, wheréwithi ‘the 
Bodies. are carried by thofe Forces, and of the Matter sof thofe Bodies, 
or in other Words, the Forces of Bodies in motion, ave as the Quans 
tities of Matter in the’Bodies ia motion} multipliedinto the Squares? 


‘of their vefpective Celerities. If the Force V moves the Body M with 
the Celerity C, letvus: call the Effect of this Force E, and the Time 


that Force employs in» producing that Effect T. \ Let us fuppofeano- 
ther Force v moving a Body w with the Celerity 4, and let us-call 
the Effect of that Force e, and the time that Force employs to: pro=" 
duce it, ¢;) we fhall have: Vis wer Etee Ty (by Parag. 35.) now 
Bves2 CM? cm (by §. 41.)andz:T »:C:¢ (by §. 53.) There-— 
fore Ef:eT::EC:ec:: CM :¢’m. Phat is, in Words af 
length; The Vires Motrices, or ‘Forces of Bodres in motion’ are in a 
Ratio, compounded of the direét Ratio’s of the duplicate Ratio of 
Velocities, or Celerities, and the fimple Ratio of the Maffes.” 

Having given an Abftra& of this Differtation, I will now endeavour. 


to thew wherein lies the Paralogifm of this pretended Demonftration, - 
In order to. do this, we muft take care, in the firft place, to acquite a 
true Notion of the Terms employed in: it, moft Difputes arifing from . 
different Ideas join’d to the fame Expreflions, or from different Expref-. 
fions made ufe of to fignify the fame Ideas. | 


- 1°, Our Author, and’ moft of the Followers of Leibnitz's Opinion, 
(for even in this they are divided) pretend, ‘that when a Body ts in Mo-- 
tion, that Motion is to be confidet’d only‘as the Effect of a Force inhe- - 
rent in that Body, whilft in Motion, (different from the Vis Inertia, 
which they allow to be inherent in: the fame. Body at reft) which does - 
atually carry the Body from Place to Place, by acting upon it always - 
with the fame Jntenfity, m,every.Phyfical Point of the Line which the ~ 


rr  —— 
§. 56. Vires Motrices cum motu actuali conjuncte funt in ratione compo- 


fita, é directis rationibus quadratorum celeritatum, quibus corpora iis viribus ~ 
feruntur, & maffaram horum corporum., .. Si vis V,.,.moveat corpus M, céle- - 
ritate C, ejufque Effectas dicatur E, tempufque quo hung praftat-T : atque 


vis v.moveat, corpus m, celeritate c, \hujufque Effectus dicatur e, tempufque 
quo hunc preftat ¢erit (§. 35.) ViursE rset: Sed et E:e:2>CMicm 
(8. 41.), & etiam eft #:TitrCs¢ (G63.) hnc E¢se Fist bO) ee cee 


CM :c'm; vel fi verbis ‘agendum fit 


Ratio virium motricium, cum. 


motu actuali conjunétarum, componitur e rationibus direétis celeritatum, du~. 
plicate, & maffarum fimplici, ; 
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Body defcribes. This is plain from the 4r1ft Parag. of our Author, and Annotat. 
the 47 1ft of Wojfius’s Cofinologia, quoted above. Now if there ‘is any Led. Vi. 
fuch Force (called by them V7s Morrzx) exiftent in a Body in Motion, “7 
different from the Vs Inertia, that Force muf neceffarily be created, : or 
generated, at the very Inftant-a Body is put into Motion, and the Vis 
Inerti@, which that Body had when at reft, »muft be annihilated, or de- 
{troy’d at that fame Inftant: or elfe there would be in the fame Body 
a two-fold Force, viz. this (real or pretended) Vs Motrix, which car- 
ries it on thro’ Space, and the Vs Inertia, by which it endeavours to 
keep whatever State (of Motion or of Reft) it is in. Whereas if we at- 
tentively compare the Definitions of the Vis Inertig in Sir J/aac New- 
ton’s, and in Wolfius's, and others of Leibnitz’s Opinion, we ‘may eafily 
fee that thefe two pretended different Forcesare in reality but one and 
the fame. Here is. Sir J/zac Newton’s Definition, as tranflated by Mr. 
A. Motte, Book 1. Dein. 3.‘ The Vis ¢afta, or innate Force of 
“Matter, 1s a Power of refifiing, by which every Body, as much as in tt 
“hes, endeavours to-perfevere in its prefent State, whether it be of Ref, 
“or of moving uniformly forward in aright Line. This Force is ever — 
“proportional to that Body whofe Force it. is, and differs nothing from > 
“the Inactivity of ‘the Mafs, but. in our manner of conceiving it, A 
*“ Body from the InaGtivity of Matter isnot without difficulty put out of : 
“Its State of Reft or Motion ; upon which account this Vis infita may, 
by amoft fignificant Name, be called Vs Inertie, or Force of Inaie - 
- Vig. 2 
Hove from the Parag. 130, quoted above, it appears that they allow | 
that a Body remains at reft, and endeavours again{t being put into: 
Motion by the Vis Inertia; and from. Wolfiis’s 132d Parag, quoted : 
above, it appeats alfo that they allow. that a Body once in Motion refifts 
to its being alter’d from the State it is in, v/z. of moving uniformly by — 
its Vis Inertia, which therefore mutt be fufficient to maintain that Body © 
in uniform Motion for ever, until a new Caufe intervenes’; this is the - 
true Idea that we muft frame to our Mind of the Force of a Body al-- 
ready in Motion, whether we call it, with Sir Haac Newton, Vis Inertia,» 
or Vis Motrix with the Followers of Leibnitz. . 


ar: 


PutLosopH1 Naturalis Principia Mathematica, Lib. 1. Def. 3. Maserie ~ 
Vis infita eft potentia refftendi, qua corpus unumquodque, quantum in [e eff, per- 
feverat in flatu fuo vel quiefcendi, vel movendi uniformiter in Direétom: 

Hac femper proportionalis eft fuocorpori, neque differt quicquam ab Iner- 
tia Maffee, nifi in modo concipiendi.. Per Inertiam Materiz, fit ut corpus 
omne de ftatu fuo vel quiefcendi, vel movendi difficultér deturbetur.. Unde: 
stiam Vis infita, nomine fignificantiflimo, Vis Inertia dici poftit. 
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Annotat. 
Lect. VI. 
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2°. Wuart our Author calls after Wolfius, Vis viva, (or quick Force 


1 conjoin’d with aétual Motion) is no more than the vis infita of a Body 


in motion, defined above in Sir I/aac Newton ; and, to prove it, we 
need only quote this Author's own Words, (Parag. 47.) “ When I 
«© fhall mention the Vis viva, or quick Force, which is always joined to 
«. a&ual Motion, it is evident, from its Definition, (fee Wolfius’s Pa- 
“ ragr. 357.) that in confidering the Vzs viva 1 am treating of thofe. 
«| Forces only, which already exift in the Body when in motion ; ab-. 
« ftraéting confequently from the Communication of the Motion : and, 
[have regard only to that Force, which is in the Body in motion, 
‘«< when it moves with its equable, or uniform Celerity ; and it is that 
‘* Celerity that I mean in what follows.” > thi | 


3°. Now, to avoid difputing about Words, let the Force which is 
in a Body in motion be called by the Name of Vis inertia, or Vis motrix, 
our Author makes a wrong ufe of the Words, and of his Symbols, when 
he begins his Demonftration (§. 56.) in this manner.-—-—° If the Force 
“. V movés the Body M with a Celerity C, let us call the Effect of that 
« Force E, and the Time employ’d in producing that Effect T, Gc." 
Becaufe, unleS a new Caufe intervenes, or a new imprefs'd Force (V7s 
imprefia) interferes, the Force of the Body in motion is the fame 5 (that 
is, it would remove the fame Obftacle, ftrike the fame Blow, or deftroy 
an equal Momentum, atting in a contrary Diretion, in any Point. of 
the Line, or Space defcribed in its Motion) fo that, the Times can have 
nothing to do in the Computation of the Forces of Bodies already in mo- 
tion, (Vires Motrices, or Infite) and the Subftitution, the Author 1n- 
troduces from a Confideration of the Times being never true, but in one 
particular Cafe relating to other forts of Forces, (viz. the Vzres imprefja) 
his whole Demonftration muft fall to the ground. | 


4°, Moreover, if it. was allow’d that the Motion of the Body 1s 
owing to the continual Adtion of a Force, inherent in the Body, (called 
Vis Motrix) it is univerfally:known, (and our Author has demonttrated 
it very clearly in his §. 26.) that the Effe@ts are ever proportionable to 
_ their 


ee eS a 


Quum Vim vivam dicam, que cum Motu actuali conjuncta eft, (per ejus 
Definitionem) patet ¢am Vim mibi in prefentiarum confiderandam efe de Vi 


viva acturo, que jam corpori moto ineft 5 proindé abftraho a communicatione 
‘Motus, atque ad Vim eam folum adtendo, que corpori jam moto celeritate 
cuniformi, vel zquabili, ineft: hanc enim celeritatem in fequentibus intelligo.. 
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their Caufes, when thofe Effe@ts are produced in the fame, or equal Annotat. 
Times. Now, fince the Forces of Bodies in motion (Vires Motrices, or Lect. VI. 
infite) do not increafe or decreafe in any Proportion with the Times of “~~ 
their (real, or pretended) Actions: if the 'Times of the Continuance of 
the Motions, or the Actions of thofe Forces muft need be taken in the 
Account; thofe Times are to be fuppos’d equal, fince it would be not 
only abfurd, but ridiculous, to compare Forces acting during unequal 
Times, and bring thofe unequal Times in the Ca/cu/us, notwithttanding 
that thofe Forces remain the fame, whether they act during a longer, or 
a fhorter Time. Therefore in the general Expreffion of our Author, 
§.35. wz. V:uv::E¢: eT, if by V and @ he exprefles two different 
Forces of Bodies in motion, (Vzres Motrices, or Infite) the Times ¢ and 
T mutt be fuppofed equal, from what has juft now been faid, in which 
cafe Viv:: E:e::CM:cm, exactly the fame as according to the 
old Opinion, which receives hereby a collateral Proof from thefe very 
Dynamick Principles of our Author. 


5°. From thence it alfo appears evidently, that all that is contain’d in 
the firft Chapter of our Author’s Differtation, (the four principal Theo- 
rems of which have been quoted above) wherein the Times T and‘z are 
fuppofed different, can never be affirm’d of the Forces of Bodies in mo- 
tion, (Vires Motrices, or enfit@.) 


6°. But if we fuppofe that in the Paragr. 35, and 56;. of our Au- 
thor, the Forces meant, and exprefs’d by V and v, are fuch Forces as 
put Bodies in motion, oralter the Motion they had before, which always 
requires Time; that is, fuch Forces as Sir J/zac Newton calls Vires im- 
preffe, and which he defines as follows, Book 1. Def.'4. “ 4 impre/s'd 
“Force 1s an Aétion exerted upon a Body, tn order to change its State, 
* either of Ref, or of moving uniformly forward-in-a right Line. 
“« This Force confifts in the Action only, .and remains no longer in the 
* Body when the Action is over. For a Body maintains every new | 
* State it acquires by its Vzs Inertie@ only; imprefs’d Forces are of diffe- 
** rent Origins, as from Percuffion, from Preffure, from Centripetal — 
**Force.” Then indeed the Times.'T and ¢, during which thefe Forces 


are 


Lal 


~ 


PuitosopH1 Naturalis Principia Mathematica, Lib. 1. Def. 4. Vis im- 
prefja eft actio in corpus exercita, ad mutandum ejus fiatum vel quiefcendi vel 
‘movendi uniformiter in Direcium,—Confittit hec Vis in actione fola, neque poft 
actionem permanet in corpore, Perfeverat enim corpus in ftatu omni novo per 
folam Vim Inertiz ; eft autem Vis imprefla diverfarum Originum, ut ex I¢tu, 
ex Preflione, ex Vi Centripeta,.. 
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- Annotat. are fuppofed to act, are to be taken into the Account. And the Expref= 
Lect. VI. fion of thofe Vires impreffe, or imprefs’d Forces, will be as in our Au- 
Vv thor’s§. 36) uz. Vio: E74: éT ii: CMti cm T?: <= =. 

7°. Tue Paralogifm of our Author's Demonftration in his Parag. 56, 
js this; namely, that he introduces in this laft Expreffion the Celerities 
C and.c, inftead of the Times ¢ and T’; this Subftitution is never true, 
nor can it ever be allow’d, but in one fingle Cafe, viz, when by the 
Letters V and v are meant, (not Forces of Bodies already in motion, 
(Vires Motrices vel infite) becaufe, as we have fhewn in the 4th Re- 
mark, they follow no Ratio of the Times of their Actions or Continuance, 
but) imprefs’d Forces, (Vires zmpref/@) acting on the Body M and m 
thro’ equal Spaces, and each of them always acting with the fame Inten- 
fity. Then indeed the Celerities which the Bodies will have acquired at 
the end of thofe equal Spaces, being reciprocal to the Times of acting, — 
we fhall have: T:: C: c, and inftead of V:u::CMé:cmT, we 
fhall have V:0::CxMxC:cxmxc; thatis, the imprefs’d:Forces, 
(Vires imprefi) which ated on the Bodies, during the Times T’ and 
¢, thro’ equal Spaces ; and each of them acting always with the fame 
Intenfity, will be as the Squares of the Velocities into the Maffes. . But 
we cannot conclude from thence, (even in refpect of the imprefs’d Forces) 
(Vires imprefj@) that it is fo univerfally ; fince that would be drawing a 
general Conclufion from a fingle particular Cafe. For if the Spaces 
(thro’ which two different imprefs'd Forces V and v are acting ‘on.the 
Bodies M and m during the Times T and ¢) are different, the Celerities 
which the Bodies will have acquired at the end of thofe Times, will not 
be reciprocal to the Times; in which Cafes the Subftitution of C and. ¢ 
for and 'T’, cannot be introduced, and the Expreffion of thefe imprefs’d 
Forces will remain as before Vrur: E#:e Ty, or Vi v:: sa - — 3 
that is, the imprefs’d Forces will ever be, as the Momenta which they 
give to Bodies divided by the Times during which they act to give it. 
Which Rule will hold true in all Cafes whatfoever: But, as we have al- 
ready faid, we cannot in any wife apply the fame Reafoning to the Forces 
of Bodies in motion, (Vires Motrices or injfite) which neither encreafe 
or decreafe in any proportion of the Times of their A@tions or Conti- 
nuance. | 


8°. Ir feems that the whole Drift of our Author in this fecond Chap- 
ter, was to eftablifh this Subftitution of C, andc, for ¢,and T; in order 
to apply the fame Reafonings, and employ the fame Symbols. to: the 


Forces 
as 
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Forces of Bodies in motion, (Vires Motrices, or infite) which he had Annotat. 
‘made ufe of, treating of Forces in general in his firft Chapter: he owns it, Leet. VI. 
in fome meafure, in his Parag. 55. where he endeavours to ‘illuftrate- his (-VoNA 
Demonftration of a reciprocal Ratio between the Times that a Body tre- 
mains (4@ref, as he calls it) in every Point of its Line of Direétion, and 
‘its Celerity. Thefe are his Words, “ As I am confcious the Propofition 
<< jujt now demonfirated will be the chief and beft Foundation of this Trad, 
“ Lwill demonfirate it another way.” , 


9°. In his §. 57. our Author charges all the Followers of the old 
Opinion, (under the Name of Cartefians) with neglecting the Ratio of 
the Times, in the Calculation of Forces, contrary to his Dynamick 
Principles, which he faith we do not difallow of, I have fhewn in the fifth 
Remark with what ReftriGion his Dynamick Principles are to. be al- 
low’d ; but asto what he charges us with, we are fo far from being guilty 
of it, that it is in confequence of the Times being taken in the Account, 
that we maintain that the imprefs’d Forces (Vires impref[fz) are as the 
Mafies multiplied into the Celerities of the Bodies, which they puc in 
Motion, if the Times during which they act are equal : and that thofe 
Forces are as the Produéts of the Mafles into the Celerities, divided by 
the Times, if the Times of their Aétions are different. 

AND it is alfo in confequence of a due regard: to the Times, that we 
continue to maintain that the Forces of Bodies already in Motion (Vires 
Motrices, or infite) are always proportionable to the Momenta them- 
{elves ; or, as the Products of the Maffes into the Celerities : becaufe whe- 
ther the Times, during which thofe Forces are pretended to act on the © 
Bodies, are /ong or /hort, the Bodies would produce the fame Effect in 
every Inftant of the Continuance of the Motion, and confequently the 
Forces inherent in thofe Bodies neither increafing or decreafing, in any 
Ratio of the Times, thofé Times muft of courfe be fuppofed equal, or 
elfe thrown entirely out of the Expreffion of the Forces inherent in thofe 
moving Bodies. Our Author adds, before his Conclufion, that he could 
illuftrate his Doétrine by a great many Examples, in Bodies not elaftick, 
as well as claftick; but this he keeps for’ another Differtation, defigning 
‘this only as a general Demonftration of the Meafure of Forces, deduced 
from the Principles of the Dynamicks, in which he is entirely confident 
to have fucceeded ; for he concludes with returning God ‘Thanks (for 
his Succels, as ] fappofe) in the following Words ; ee: 

“* To God the Beff, and Greateft, .be given. 
“ Praife, Honour, and Glory, for ever, and ever, Amen.. ; 
MWB LAL. 6 Sd SN bey cinhoges Doe’ NorwitTu- 
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Annotat.  NorwrrusTAnpine this great Confidence of Succefs in our Au~ 
Leét. VI. thor, if he wrote his Preface after his Differtation, (according to the 
—v—"Cuftom of moft Writers) he was then ftill dubious, whether this De- 

monftration. (as he calls it) would be fufficient to bring over the Followers 
of the old Opinion to thenew. For he fays in that Preface, that in cafe 
this Différtation fhould not have the defired Effect, ‘“* be has four more 
« different Demonftrations of Leibnitz’s (or the new) Opinion, whereby 
«« (tho’ he prote/ts he is ready to receive the Cartefian, or the old Opinion, 
« apbenever it fhall be evidently demonftrated) bis Mind is fo ftrongly per- 
« fuaded of the Truth of the new Opinion, and fo well fettled as to that 
-€¢ Point, that he fcarce thinks he fhall ever be made to alter in his Opt- 
« nione And he further aflures us, that “ im cafe This Demonftra- 
“ tion fhall fail of the defired (nay the expected) Succe/s, he will give 
“ thofe four Demonftrations to the Publick.” 

Wuat Succefs thofe four others. may have, I will. not fo much.as 
guefs at; but I may venture to fay, that this Differtation is fo far froma 
Demonttration of the new Opinion, that the Principles he has laid down. 
to prove it, are more than fuflicient to prove the old Opinion, as I‘have 
endeayour’d to make evident in the few Remarks Ihave added to the 
Account you defired me to give you of the Differtation itfelf,. <n: 


lam, with Refped,. 
Reverend. S IR, 
Your moft Obedient, 
Humble Servant, 


CHARLES DE LABELYE. - 


P. §. Oor Author. afferts in his Preface, that the Difpute-about™ 
Forces isa. Mathematical Difpute ; but whoever will. be at the trouble 
attentively.and. impattially .to confider the fundamental Definitions given - 
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Prasto funt quatuor alie diverfee Demonftrationes, quibus in. veritate men- 
fare Leibnitzane animus, ad Cartefianam recipiendam, fi evidenter demon 
ftrata fuerit, zeque paratus,: adeo eft obfirmitus, ac. ftabilitus, ut vix*putem unm 
quam me-inde dimotum iri: . 


Inias deinceps luci exponam publice,. fi hac_tractatio optato imo: &/fpes 
rato), eventu. caruerit.. 
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by the Writers on both fides of the Queftion, will eafily perceive that the Annotat. 
Difpute is hardly more than a nominal, or metaphyfical Difpute ; for, Le. VI. 
after all, it is very evident that what we mean by the Word Force is REL. rae as 
different from what the Gentlemen who follow Leihnite’s Opinion mean 
by the fame Word. I conceive likewife, that, on account of the different 
Ideas that are joined toa Word of fo vague (or loofe, and extenfive) a 
Meaning, as is the Word Force, it may happen that very different Con- 
clufions may be drawn from thofe different Definitions. And it is for 
want ofa due Attention to thofe different Definitions, that the Difpute 
about the Meafure of Forces has lafted already upwards of 40 Years, For 
the Difpute is at an end, if it is obferved that Forces ought to be diftin- 

guifh’d into two Kinds; v/z. that Force which we conceive to exit 
every Inftant, in an Agent, (fach as a Spring, or a Body already in 
Motion) (which Force, in my Opinion, might retain the Name of Vis 
infita, or inherent Force, and will always be found proportional to the 
Momentum, ot Quantity of Motion which it can produce in the fame 
Time) and another kind of Force; namely, that which the Gentlemen 
of Leibuitz’s Opinion confider to be in an. Agent, (fuch as a Spring, or 
a Body in Motion) and which they meafure by the total Effet which 
that Spring, or Body in Motion, is able to produce; till the Force, or 
the Motion, which produced that Effect, be totally deftroy’d, without 
any regard to the Time employ’d in the Production of that Effect, or in 
the total Deftruction of the Force which produced that Efe, I humbly 
conceive this Force might alfo keep the Name of active Force, (Vis activa) 
as it is called by Mr. Leibnitz’s Followers.—-If due regard be had to this 
Diftinction, it will-be eafy to fhewin what Cafes Forces and their Effeéts 
ought to be confidered in the former, or in the latter Senfe : why all the 
Phenomena can be-accounted for, ftom either of the two Meafures of 
Forces ; and why fome particular Experiments, which feem to favour ei- 
ther of the two Opinions, more than the other, are really confentaneous 
to both, when due regard’ is had to the Diftin@ion juft now mentioned, 
But if, thro’ the Obftinacy of either, or both Parties, this DiftinGtion is 
not allow’d of, andthe Word Force mutt be abfolutely reftri€ed to one 
Meaning only, the Difpute will be meerly nominal, and each fide of the 
Queftion.can bring Arguments equally conclufive, to fhew why the Word: 
Force ought to be underftood in the Senfe that is moft conformable to 
their refpective ways of Computation. 


. 7 OW Icome to confider the Conclufions which: are drawn from Pits made 
in Clay, or other foft Subftances, by: hard Bodies ftriking againft thofe 
Subftances. 
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Annotat. °° Ir is certain that when fpherical, cylindrick, or conick hard Bodies, have 

Leé&. VL. (by falling, or moving in any Direction) made Impreffions or Pits on foft. 

weayme Subftances which they have ftruck, thofe Pits have always been proportiona-, 
ble to the Square of the Velocity of the percutient Bodies.- The Favourers of 
the new Opinion confider thofe Pits as the Meafure of the Force of the mov- 
ing Bodies that make them, eftimating the Refiflance of the Clay to be as 
the Force of the pereutient Bedy ; and this is agreeable to their Definition of 
Force. The Reafon why the Defenders of the old Opinion differ from them, 
is, that the foft Subftances that receive the Impreffion are by them confider’d 
as Fluids; and then, tho’ they allow the Refiftance made by Fluids to Bodies 
moving in them to be as the Square of the Velocity of the folid Body moving 
in the Fluid, they do not conclude from thence that it muft be as the Force of 
the folid Body in other Cafes. The Reafon why it happens fo here, (ftill 
confidering Force as inftantaneous Preffure) is, that when the Body hasa Ve- 
locity encreas’d (for example) double at one time of what it had at another, jit 
will difplace twice the number of Particles, (that is, twice the quantity of 
Matter) and drive each Particle twice as far, which therefore muft make the 
Recefs of the Fluid (or of the foft Body) to be four times: greater ; that is, 
as the Square of the Velocity of the Percutient 5 tho” the Motion given to 
each Particle be but as the Velocity of the Percutient. 

To make this clearer, let us confider how Water acts upon the Ladle- 
Board of the Wheel of an under-fhot Mill. When the Water ifluing out at 
the Ajutage, or Difcharge at the bottom of the Sluice, ftrikes againft the 
Float-Board, (or Ladle-Board) and in working the Mill produces a certain 
Ettectt; if that be obferv’d, and afterwards the Head of Water in the 

* See L. 7, Mill-Dam being four times higher *, the Water comes out of the fame Aju- 
‘tage with twice the Velocity that it did before, we find that the Effect of the 
Wheel is four times greater than before, (following the Proportion of the’ 
Square of the Velocity of the ifluing Water) we muft not fay in genera], that 
the Water ftriking acts according to the Square of its Velocity, and conclude. 
from thence, that the Stroke of percutient Bodies is as the Square of their Ve- — 
locities. For when we confider this Cafe rightly, we find that as the Water’s 
Velocity is double, there are twice the number of Particles of Water that iffue 
out, and therefore the Ladle-Board is ftruck by twice the Matter, which 
Matter having twice the Velocity that it had in the firft cafe, the whole Effect 
muft be quadruple, tho’ the inftantaneous Stroke of each Particle is encreas’d 
only in a fimple Proportion of the Velocity. Now, if inftead of the Water 
{triking: againft the Ladle-Board, we fuppofe the Ladle-Board to move againft 
the Water, we fhall find that the Refiftance of the Water to the Ladle-Board 
will only be as the Square of its Velocity, becaufe with a double Velocity the 
Ladle-Board will remove twice the number of Particles of. Water, and dafh 
each Particle twice as far. So that tho’ the Refiftance be quadruple, it is only 
becaufe there are twice the number of watery Particles put into Motion, and 
each of them moved with twice the Momentum, (here call'd) Force, as the — 
Velocity of the percutient Body is twice as great. If we confider the Im- 
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preflions made by Solids on foft yielding Subftancés in this Light, all the Dif. Annotat. 

ficulty will be clear’d up. Let. V1. 
Tus, which ever Opinion we make ufe of, provided we confider the dif. tn ae 

ferent Definition of the Word Force, we thall find that the Effect of the Wa- 

ter working an under-fhot Mill, will be proportionable to the Square of the 

Velocity of the Water ftriking againft the Ladle-Boards of the Wheel’; and 

that whatever Difputes there may be about Words not well underftood on 

either fide, a Mill will be built in the fame manner, and be of the fame Ad- 

vantage in the Ufes of Life, which way foever the Word Force bé defin’d. 

To conclude my Confiderations upon this Subject, I will thew the Fallacy 
which has induc’d fome People to believe, that Bodies that fall by the Force of 
Gravity are accelerated with more Difficulty, than Bodies that are thrown up- 
wards are retarded by Gravity ; becaufe I have known feveral ingenious Gen- 
tlemen make ufe of this Affertion in favour of the new Opinion; but when 
rightly explain’d, it does not want any fuch Support. 

_ Tuts is their way of arguing——“* When a Body begins to fall, the Caufe 
‘* of Gravity acting upon it, from Reft puts it into Motion, and gives it (for 
“ example) one Degree of Velocity ; then, to give a fecond Degree of Velo- 
“ city to the Body now in Motion, the Caufe of Gravity muft be carry’d after 
** the Body with the fame Velocity that the Body moves, otherwife the Body 
** would receive no Impreffion from it. Juft as a Man who fhould ftrike 4 
‘© Ball forward with his Hand, and give it one Degree of Velocity, cannot 
“ ftrike it again in the fame Dire&tion, unlefs fome Power carry the Man for- 
** ward as {wift as the Ball, in which cafe the moving Ball being at reft in 
** refpect to the Man, he may ftrike it again, and addto it as much more 
** Velocity as he gave it at firft. But when a Body is thrown upwards, it — 
** continually meets the Caufe of Gravity, which gradually deftroys its Mo: 
** tion,-.and needs no other Help to put it ina condition to a@ upon the Body © 
*¢ which continually meets it, till all its Motion is deftroy’d.”’ 

Tuts would be trueif the Caufe of Gravity wasan Impulfion, which fome 
have fuppofed, thinking it to be Sir I/zac Newton's Opinion, becaufe he fays, 
when he declares his Ignorance of the Caufe of Gravity, that he hath confidered 
Attrattion in’ a Mathematical manner, according to its Effeéts, and not its 
Caufes, and that it may be an Impulfien for aught be knows. But we fhall foon - 
find the Fallacy, if we confider Gravity abftractedly as we ought to do, and 
take notice of its real Effects, . 

-LET us fuppofe A E to be a Line perpendicular to the Earth; that is, ex- Plate 8. 
tended in the Dire@tion which Gravity acts in from A towards E. Ifa Body Fig. 8. 
being at refi at A, is fuppofed to receive an Impulfion from the Caufe of 
Gravity, fo-as to put it in Motion with any Degree of Velocity towards E, 
that Caufe of Gravity which gave the Stroke at A muft be carry’d ‘towards 
rs otherwife it will not accelerate it, by adding any more. Velocity to it, 

C. 

Tuts would be the cafe if the Action of Gravity was a Stroke ;. but fince 
Gravity (or its Caufes, as they term it) exifts as well at B, or C, or D, as at 
A, there is no need of transferring it to B, and then to C, and then Rae 
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Annotat. €2¢. to overtake the Body, and add to its Motion: forif you let go the Body 
Left. VI. atB, or C, or D, inftead of A, it will begin to move downwards with the 
e—a—— fame Degree of Velocity, as well as fetting out from A. And if you confider 


Plate 8. 
Fig 8. 


Plate 8. 
Fig. 9- 


‘ftrike one another directly, their Motion towards the fame. Parts will be AC 


Gravity acting either at A, B, C, or D, it will give the fame Degree of Ve- 
locity downward to a Body at any of thofe Points, whether that Body con- 
tains a fmall, or a great Quantity of Matter; or whether that Body has at 
that time any Velocity downwards, upwards, in any Direction ; or no Ve- 
locity at all: that is, whether the Body is at reft, or in any degree of Motion. 
From hence it appears, that a Body ated upon by Gravity is juft as eafily 
accelerated as retarded. 

N. B. In this Cafe I have not confidered Gravity lefs at A than at E, be- 
caufe A is farther from the Center of the Earth; it being fufficient for my 
Purpofe to confider it aéting downwards with equal Force, as it doth near the 
Surface of the Earth. 


Ann. 11. [36.—-4_ general Calculation exprefid algebraically.) Fir of 
all we'll {uppofe A and B to move the fame way, and let C exprefs the Ve- 
locity of the following Body A, whilft ¢ expreffes the Velocity of the leading 
Body B; whence the relative Velocity of the Bodies will be C—¢, and the 
Sum of the Motions towards the fame Parts will be AC-+ Be: let the 
Velocity of the Body A after the Stroke, going the fame way that it went 
before, be call’d; and, becaufe the relative Velocity of the Bodies remains 
the fame before and after the Stroke, the Velocity of the Body B will be 
x-+-+C —c; for the relative Velocity of Bodies is equal to the Excefs 
whereby the {wifter Body outgoes the flower, therefore that Excefs muft 
be C—c. But fince the Velocity of the Body A is now x, its Motion to- 
wards D will be A x; and fince the Velocity of the Body B isx-+ C—c, its 
Motion the fame way will be Bx + BC —Bc; and the Sum of thofe Mo- 
tions will be equal to the Sum of the former Motions ; thatis, A x +- By + 
BC—Be, will be equal toA C+ Be; whence, by reducing that 
Equation, A « + Bx =-AC—BC+2Bce;3andx = “Ee 
— tothe Velocity of the Body A. Moreover the Velocity of the Body Bis=x—- 


AC—B B Ch ce aus 
nneyes +2 Ciatatonbgiticanite BC+2Be+AC+BC—Ac—B 
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A+B A+B ot 4 
Rya% 2AC—Ac+ Be | 
me A+B 

Ir BC be greater than AC-+ 2Be, then will x, or. A tt 


oe a | 
become a negative.Quantity, therefore the Velocity of the Body A will be 


direGted the contrary way, and its Motion toward D will be negative. If the | 


Body B be at reft; that is, if ¢be = 0, the Velocity of the Body A after the | 
Stroke will be + se _ a forward or backward, according as the Sign > 


or — will prevail. | 
Ir the Bodies A and B, with the Velocities Cand ¢, and contrary Directions, | 


—Acs | 
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— Ac; and the relative Velocity of the Bodies will be C-++¢. Now let x Annotat. 
exprefs the Velocity of the Body A after the Stroke ; its Motion the fame way Led. VI. 
as before will be Ax; the Velocity of the Body B will be x +C + ¢, (for —~-—v 
the relative Velocity of the Bodies 1s not chang’d by the Stroke) and the Mo, Pate 8. 
tion of the Body B toward D will be Bv-+ BC—Be; whence the Sum of the! '&: ®: 
Motions the fame way will be A x + Bx -+-BC — Be, which (dy Rule 1.) will 
be equal to AC — Be, and ee it will be Ax + Br = AC—BC— 

AC—BC—2 Be 


2Bc, and x = ALY and the Velocity of the Body B will be 
AC—BC—2z2Be C —_ AC—BC—2Be+AC+Ac+BC+ B- 
Rte ee Cr rn aaa 


= 2AC+Ac—Be 


athe. AP ik toi ei “afk ante 
IfBC + 2 Be be greater than'A C, the Motion of the Body A will be 
backward towards the contrary Part, in which Cafe x or 4 es 


will be a negative Quantity. 


Several of thefe Conftructions were originally Sir Chriftopher Wrenn’s, and 
Chriftian Huygens’s, and further illuftrated by fome Demonftrations and Calcu- 
lations of Dr. John Keil ; from whom alfo I have taken great Part of thefe An- - 
notations relating to the Congre/s of Bodies. | | sedi (4 
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“HYDROSTATICKS. 


Leé&. VIL. 1. HE Science of Hydroftaticks confiders the Effects of the Gra- 
| en’ ied 


* Ann. 1. 


vity, Preffion, Refiftance, and Motion of fluid Bodies; whe- 

ther they are incompreflible*, as Water, or compreffible, as 

Air: as.alfo the Aétion of Solids on Fluids, and’ Fluids on Solids.” 

A Fluid is a Body that yields to any Force imprefs'd, and whofe Parts 
by yielding are eafily feparated from one another. 


2. All the Parts of a Fluid are heavy at all Times and in any Situation ; 
which it would be unneceffary to mention, fince all Matter 1s heavy, if 
a great many Perfons had not affirm’d, and given out as an Axiom, that 
Elements do not gravitate in their own Places ; as for Example, that Air 
does not weigh in Air, nor Water in Water, 8c. "This Notion is built 
upon this Confideration, wz. that when we draw up a Bucket of Wa- 
ter out of a Well, the Hand holding the Rope does not feel the Weight 
while the Bucket in the Well is under Water, but feels the whole 
Weight of it when it is brought up above the Surface of the Water in 
the Well. Now the Cafe is this ; when the Bucket full of Water is 
under the Surface, the other Parts of the Water, (fuppofe fo many ima- 
ginary Buckets full at the fame height as the Bucket) endeavour to de- 
{cend as well as the Water in the Bucket, and with the fame Force, as 
fo many Counterpoifes to the Bucket, and therefore do not permit it to— 
defcend, which is the Reafon that the Hand does not at that time 
feel the Weight of the Water in the Bucket. So that, tho’ the Bucket 
of Water weighs in Water, it does not preponderaze or over-weigh in 
Water. Thus, if one Pound be placed in one Scale of a Balance, and 
another Pound ia-the other, no Man can fay the firft Pound does not 
weigh, becaufe it does. not defcend or overweigh the other. But to take 
off all cavilling, this matter will be fet in a clear Light by 


: EXPERIMENT I. Plate 8. Fig. 10. 
3.ONn the End B of one Arm of the Balance A B is fufpended a Cop- 


per Ball C holding about a Gallon ; after it has been exhaufted of its Air on 


I the 
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the Air-Pump by its Cock : and having laid upon it the little Weight .p of Le&. VII: 
the 6th part of an Ounce, a Counterpoife P muft be placed in the other —“v—~ 
Scale to make an Aiquilibrium. Then turning the Cock of the Ball, 
let in the Air, and the Ball will become fo much heavier, that you muft 
take off the little Weight p, to reftore the A.quilibrium, 


3. Tuts fhews that Air weighs in Air, a Gallon of Air weighing 
about the 6th part of an Ounce, 


4. That Water weighs in Water, is thewn by 


EX PERIMENT 2. Plate 8, Fig. 11. 

C is a hollow Glafs Ball holding about half a Pint, with a Brafs piate s. 
Cock to it, and fo heavy, that when empty it’ will fink in Water. . Ex- Fig. 1. 
hauift it of its Air, and having, from the end A of the Balance A B, 
fufpended it under the Surface of the Water WW in the Jar I, make 
an /Aguilibrium to it in the oppofite Scale at P. Now, upon turning 
the Cock of the’Ball under Water, the Water will ruth in to fill the 
Place that had been exhaufted of Air, and the Ball will overweigh the 
Counterpoife P, as much as the Weight of the Quantity of the Water 
in the Ball, Which thews that Warer weighs in Water. 


5. In order to facilitate feveral Demonftrations and Explications of 
Phenomena in Hydroftaticks we are to fuppofe a Fluid in a Veffel cut 
by feveral horizontal Planes, or imaginary Surfaces below the real Sur- 
face from Top to Bottom. As for Example, if the Veffel NK (Plate Plate 8. 
8. Fig. 12.) be fill’d up to A B, and you imagine the Water to be pour’d Fig: !- 
out as far as CD, as you do not actually do it, CD is not a real but an 
imaginary Surface. Such you may conceive at EF, GH, and fo any 
where between AB and IK. ° Likewife if Water be pour’d on as far.as 
LM or NO, AB that was the rea/, becomes now an imaginary Surface. 


6. Besipes this imaginary horizontal Divifion of a Fluid, we are 
likewife to fuppofe the whole Fluid in a Veffel to be divided into per- 
pendicular Columns, from the Top to the Bottom of the Fluid, either 
round or prifmatick of any Shape, according to the Surface of the Bo- 
dies prefs’d upon under Water; as for Example, in the Veffel DE (Fig. Plate 8. 
13.) Aa isaround Column of Water, prefling upon a round Surface, Fis: #3- 
asa Piece of Money at 2, Bd a. {quare Pillar preffing upon a fquare 
Surface as 4, and Ceca Triangular Pillar or Column prefling upon a 
triangular Surface, and into fuch Pillars we may fuppofe the whole Fluid 

Vou. Il, O | divided, 
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Lect. VI. divided, according as we have occafion to eonfider the Fluid’s Preflure 
= upon different Bodies immers’d, of upon different Parts of an imaginary 
Surface. 


Proposition I. 


Plate. 8. 7. Aux the Parts of an ‘homogencous Fluid are at reft, 

Big. 13.- Let us confider in Fig. 12. the Fluid AK as divided into the 4 equal 

«ne.z. Parts AD, CF, EH, GK: as all thofe Parts are heavy *, andG Kis 

at Bottom; EH having as much Matter, but no more Velocity than 

GK, hasno more Tendency to go ‘down than GK, and therefore can- 

not difplace GK, but mutt remain upon it prefling it with all its 

Weight: thus CF will prefs upon, but not difplace EH; the fame 
may be faid of A D in refpect of C F, So that tho’ the upper Parts » 

preis upon the lower, they cannot difplace them or give them any Mo- 
tion ; contrary to what Carte/ius affiirm’d, viz. that Fluidity confifted in 
a due Motion of the Parts. Hence follows alfo, that the higher the 
Fluid is in a Veffel, the more the Bottom of it will be prefs. | 
ProposiTion II. > | 
8° Tur real Surface, and all the imaginary Surfaces of a Fluid, are : 
equally prefed in all ther Parts. Plate 8. Fig. 14. . oF a 
Let SS be the Surface ofa Fluid, as Water, in the Vefiel ABC; 
and let us confider that a Column of Air, as aSSe, prefles from the 
Top of the, Atmofphere-down to the Surface SS. Now, if this Column 
of Air be divided into two Semi-Cylinders by a Plane paffing along the 
Line rg, that which prefles on the half Sg of the Surface $5, being | 
equal to that which. preffes on the other half 75, the whole Surface. 
will be prefs’d alike on ‘both its halves. Likewife if you fuppofe the 
Column of Air divided into any Number of equal Columns, they will | 
every one prefs alike on that Bafe, or part of the Surface on which they. 
fand. Likewife I fay, that the imaginary Surface ss 1s prefs’d in all its 
Parts alike. The half Column a4 sor is made of Air with a piece of 
Water at Bottom as So ; and the other half Column 7 s is likewife made! 
of a Semi-Cylinder of Air, with the Water gs at its Battom. Now, 
fince thefe Semi-cylindrick Pillars are each of them the half of the whole 
compound, Column asse, they muft prefs equally each upon the Bate, 
which they ftand upon ; and fo would any Number of Columns upon any 
Number of equal Bafes into which the imaginary Surface is divided. | 


ir | 


Plate 8: 
Eig. 14. 


CoROL- 
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CoROLLARY. Tiedt, VI. 
9. Hence follows that the Surface of a Fluid will always have ae 


an horizontal * Pofition when left to it felf and if any part of it be put * Annot. z. 
out of that Situation, it will return to it again, 


, EXPERIMENT 3. Plate 8. Fig, 15. ee 

Havinc immers’d the Tube 1 in the Water ss of the Vefiel ABCD Plate 8, 
up to its Part 2, put your Thumb upon its Part 1, and lift. up the Sur- Fig. 1s. 
face of the Water in the Tube a to above ss, the Surface of the Veftel or 
Jar. As foon as you take off your Thumb, the Water in the Tube will 
{ubfide, and after fome Vibrations fettle at the Surface ss. For if the 
Water continued at a, the Surface ss wou’d in that place be more 
prefs'd by a Column of Air, having at Bottom the piece of Water as, 
than by the refpective Columns of Air of the fame Diameter, which, 
without any Water join’d to them, pref upon the correfpondent Parts 
of that Surface: Therefore the Surface will yield under a, till the Wa- 
ter in the Tube defcends toss. For the fame Reafon'the Water in 
the Tube 2, whofe Surface may be kept at 4, while the Thumb is upon 
the Mouth 2, will not continue in that Place as foon as the Thumb is 
taken off, but rife up to ss, becaufe the imaginary Surface £/ will be 
lefs prefs’d at 4, than in any other part of it, as long as the Water con- 
tinues every where below ss\; otherwife, the imaginary Surface in the 
Plane mis more prefs’d at m by the Columns, than at 2 by the 
fhorter Column 47, the other Columns alfo in the whole Veflel above the 
faid imaginary Surface, having their Length and Preffures as 52 ; confe- 
quently they muft puth up the whole F luid, till it rifes in the Tube 2, 
up to the common Surface ss, to make the Preflure equal upon every 
part of the imaginary Surface m. This will be further hewn by the 
following e es Fee 

EXPERIMENT 4. Plate 8, Fig. 1s. 

TAKE a Tube of about an Inch Diameter, as 7, and having tied a 
flexible piece of Bladder to ‘its Bottom, fill it with Water up to g, 
and immerging its End in the Jar below the Surfacé ss, the Water will 
puth out the Bladder at the Bottom of the ‘Tube into a Convexity, which 
fhews that the imaginary Surface under the Bottom of the Tube is prefs’d 
downwards; but if the Surface of the Water in the Tube be brought 
down to the Surface inthe Jar 5's; the Bladder will be éven at the Bottom 
of the Tube, as 8, which thews the Preflure on that part of theimaginary 
Surface to be neither greater nor lef than in any other part ; but if the Sur- 
face of the Water in the Tube mark’d 6, be brought to £ below the Sur- 
face's s, the Bladder at the Bottom of the Tube will rife concave, which 

| | O 2 fhews, 


| Toke) 
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Léét. VIL. thews, that in that Place the imaginary Surface is lefs prefs’d. than in its 
——— other Parts, becaufe the Water rifes upwards. The lateral Preffure does 


Plate 8 


Fig. 16. 


Plate: 
Fig. I 7e 


Plate &. 
Fig. 18. 


alfo act in the fame manner, as appears by tying a Bladder to a Tube 
cut obliquely, where the Bladder rifes concave, the Water being at cin 
the Tube 3, but is convex the Surface being at d Number 4; and flat 
at Number 5, when the Water is at 4 even with the Susface of the Jar, 
Numb, 5. * 


Proposition Ill. 
ro. Frurps prefs differently from Solids ; for whereas Solids prefs 
only downwards, Fluids prefs every way, as appears by | 


ExPERIMENT 5. Plate 8. Fig. 16. 

On a Plane reprefented by the Line P£, lay a Drop of Water, as 
ab; then if you prefs it with your Finger, it will not only act on the 
Part c under it, but it will fwell out and flatten fo, as to act equally on 
the Parts at a and 4; but if that Drop of Water was frozen, of inftead 
of it there was a round Body, as for Example, a Shot of Lead, then the 
Preflure would only be on the Part c, and the Re-action upwards. 
again{t the Finger. 


DEFINITION. Fig. 17. 


rr. Specifick Gravity is next to be confider'd and explain’d.. One — 
Body is faid to be /pecifically heavier than another, when it contains — 
more Matter than another under the fame Bulk; as for Example, the | 
Cube of Lead A contains more Matter, than the Cube of Wood B; | 
or when it contains as much Matter under a lefs Bulk, as when the faid’ | 
leaden Cube A weighs as much as the large wooden Cube C. This ig 


alfo call’d the Denjity of a Body. 


ExpPERIMENT 6. Plate 8. Fig. 18. 


Firu the Jar ABCD up to SS with Water, a little ting’d with red; 
fo-as not toldfe its Tranfparency ; then having taken up from the Jar of | 


Oil of Furpentine of Figure 19. the Column of Oil mn, plunge it into” 
the Jar of Figure 18,. and the Oil will ftand at m above the Surface S Sy. 


‘one tenth Part of the whole Column mn, when you have taken off 


i 
i 


your’ Thumb. » The Reafon is, that as the imaginary Surface ss muft be — 
pref‘ in all its Parts alike, the Column of Oil mz being {pecifically 


lighter than Water, muft be taller than the correfpondent ‘Columns of 
Water as 0p, in order to weigh as much; and by that difference of 
Height is found the comparative fpecifick.Gravity of. the. two Fluids: | 


Fot— 


| 


} 
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For—As the height of the Water : is to the height of the Oil : : fo isLéa/ VIL. 
the fpecifick Gravity of the Oil : to the {pecifick Gravity of the Water, —A-——~ 
THEN if ABCD (fg. 19.) be fill’d with Oil of Turpentine up’ to plate 3. 
SS, op will reprefent the Columns of Oil, and m2 mutt bé Water ting’d Fig. '9. 

with red to make it diftineuifhably vifible, which in that cafe will always 
fettle one tenth of the whole Length Jower than SS, the Surface of 
the Oil. And here will be found the fame reciprocal Proportion be-- 
tween the fpecifick Gravities of the two Fluids and their Heights, 
‘That is mz isto po: : as the {pecifick Gravity of the Oil : is to that. 
of the Water. If the Oil in Fig. 18. bé put down lower than m (as 
for Example, as low as the Surface SS) it will always rife up again to 7 ; 
and if it be higher than #, the Oil will come out at the Bottom of. 
the Tube, tho’ the Drops of Qil rife again up to the Surface of the Wa- 
ter *. On the other hand, the red Water in the Tube at Fig. 1g. tho’* Ann. 3., 
it be rais'd up from m to $ S, will always come down again to m, the. 
Overplus going out at the Bottom of the Tube at », and dropping down 
thro’ the Oil to the: Bottom of the Veffel or Jar. : 


PROPOSITION IV. 


12. Flurds prefs in all manner of Direétions, and. that with a Force : 
proportionable to the Height of the Fluid. 


EXPERIMENT 7.- Plate 8. Fig. 20. 

Ir feveral Tubes, . of different Figures, fuch as 1, 2,. 3,--4y have their Plate's. 
lower Ends immerg’d below SS, the Surface of the Water. in the Veffel Fig. 2°. 
ABCD, the Water coming in at. their. lower Ends.in different Di-. 
rections, will rife up to the fame Height, viz.. up to $S in every one of 
them. If Oil be fufpended in the Tubes before they are immereg’d, 
upon the Removal of the Thumb from the Top of the Tube, the Oil. 
will rife up in every one of the Tubes to the fame Height, but above the. 
Surface of the Water, in proportion as the Oil made ufe of is {pecifically 
lighter than. Water. If the Veffel be fill’d with Oil, and colour’d Water. - 
be ufed.in the Tubes, the Experiment will be the plainer, the Water 
rifing equally high in all the Tubes, but not. fo high as the’ Surface of 
as Oil in the Veffel, in proportion as Water is fpecifically heavier than. 
that Oil, 


PRopPosrITION V. 


13. Tue feveral Solids that fwim in Water, have their fpecifick Gra- | 
vities as their Parts immers’d, 


ExPERIMENT 


1o2. 
Lec. VII. 
5 en aid 


Plate 8. 
Fig. 21. 


Plate 9. 
Fig. 1. 


Plate 9. 
Fig. 2. 
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ExPERIMENT 8. “Plate 8.. Fug. 21. 

Taxes two Cylinders of Wood equal in Diameter and Height; for 
example, 10 Inches: long,.and one Inch in Diameter, the one as Ff, 
made of Fir; and theother as O 0, of Oak ; and immerging their Ends 
in the narrow tall Jars of Water'A Band CD, they will fink differently, 
according to their {pecifick Gravities, F f finking only the Depth Sf, 
while O 0 finks the Depth /'o; the fpecifick Gravity of Fir: being to 
that of Oak :)asS f: is to fo, All forts of Wood, which are fpecifi- 
cally lighter than Water, may be thus tried. | | 

Wuen a lighter Fluid preffes upon a heavier, if any Part of the Sur- 
face of the heavier Fluid be freed from the Preffure of the lighter Fluid, 
the heavier Fluid will be prefs’d up in that Place, and rife up towards 
the Surface of the lighter Fluid, but fhort of it in proportion as its fpecifick 
Gravity is greater. , jor | 


EXPERIMENT 9. Plateg. Fig. 1. iP Ory 

IwTo the Jar AB pour colour’d Water up to S 8, and pnt the open 
Tube e fin the middle of it; then pour on Oil of Turpentine as far as 
5, and its Preffure will make the colour’d Water go up into the Tube to 
fp where it will prefs upon the Surface 5S, as much as the Oil would 
have done in the Tube, if it had fill’d it up toss: for if the Tube be 
lifted up fo as to let the Water drop out of it, and then put down again, 
the Oil will come into itas faras ss. But if the empty Tube with the 
Thumb upon its Top be plung’d thro’ the Oil into the Water; upon 
taking off of the Thumb, the Water will by the Action of the Oil be 
prefs’d up to /. | | 


EXPERIMENT 10. Plateg. Fig. 2. 
Tus Jat CD having Quick-filver pour’d into it as far as SD, put in 
the open ‘Taube g); then pouring Water up to C to a Depth of 14 


Inches, the Quick-filver will, by the Preffure of that Water, be rais’d | 


up an Inch in the Tube, v/z. up to 4, where it will prefs as much 
upon the Surface § D, as the whole Tube full of Water would do. Now 


fet us fuppofe CD to be a Well, in which there-is Water up to SD, 


and CD to reprefent the Air or Atmofphere preffing into the Well, and 


g hb the Pipe of a Pump. If you draw out the Air from the faid Pipe, — 


fo as to prevent its prefling in it, the Water will rife up to 4 in the Pipe, 
to pref as much.as the Air did before, the Height of the Water being 
proportionable to the Preflure of the Air on the correfpondent Parts of 
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the Surface. This is the Foundation of the railing Water by Ponips, as Let. Vil. 
will be farther fhewn *, <a oa 
Proposition VI. 

14. A Body fpecifioally lighter than. Water avill always emerge,’ fome 
Part of it coming up.above the Surface of the Water: but a Body {peci~ 
fically heavier will fink in Water; and a Body of the fame fpecifick Gra- 
vity as Water will remain at reftin any partof the Water, 3 


ExPeRIMENT id... Phateg. Fig. 3. lanhes 

Take a Cube of Oak 1, and having immerg’d it in Water, fo that its Plate 9. 
‘Top is in the Surface A B, and its Bottom on the imaginary Surface CD; Fi8- + 
as {oon as it is left to itfelf, it will rife up to 3, becaufe when it 4s at I, 
the imaginary Surface C D will be lef ptets’d by the wooden ‘Qube 
weighing (for example) halfan Ounce, than by the Water whofe room 
it takes up, which weigh’d an Ounce ; but when the Cube “ig af’ 3) it. 
only difplaces a Bulk of Water of half its Bignef, and equal to'it ‘in 
Weight ; and it will remain in its Place, ‘becaufe then that Part of ‘the 
imaginary Surface under the Cube will be equally prefs’d, -whether the 
Cube be there or not. If the Cube was at ‘2, the imaginary Surface 
E F would be lefs prefs'd under the Cube than any where elfé ; -beeaufe - 
the Column 1, 2, would weigh lefsthan a Column of Water of the 
fame Bulk, the Cube of half an Ounce Weight difplacing an Ounce of © 
Water: {0 that it will rife in the Dire&tion 2, 1, till the Cube. emerges 
above Water, as you fee it at 3: Now if there be a Cube of Lead of the 
fame Bulk as an Ounce of Water, it. will weigh about’ ri Ounces.” Jf : 
fuch a Cube be plac’d at 4, or at 5, the imaginary Surface CD; or EF, 
under it, will be more prefs’d in that Part than any where elfe, and the 
Cube will defcend in the Direction 5, 6: for as it weighs 11 Ounces, 
and the Water difplac’d weigh’d but one Ounce, it mutt defcend with 
the Force of 10 Ounces, the Difference: between its Weight, and the 
Weight of an equal Bulk of Water. But if the Cube be of the fime . 
dpecifick Gravity as Water, (as, for example, a Cube of green Box Wood) 
it will remain in any given Pofition; becaufe, wherever it. be plac’d, it . 
will not prefs the imaginary Surface more than the. Water which it dif 
places, 


~ COROLLARY. . 

15. Hence may be drawn a Confequence, which feems to contra- 
‘dit it, ‘but in reality is a Confirmation of, what has been prov’d ; viz. 
Phat a Body {pecifically ‘heavier than a Fluid may be niade to fwim in that 

| Fluid ; 


x 
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Lect. VII. Fluid; and a Body {pecifically lighter may be made to lie at Bottom, See 


ev the following 


Plate g. 
Fig. 4. 


ExpeRIMENT 12. Plate g. Fig. 4. 


-P is.a Plate of Lead weighing 11 Ounces, and in Bulk equal to an 
Ounce of Water. By the String c d, faften’d to it, let it down into the 


— Water of the Veffel S s ms S, twelve times itsown Thicknefs below 


* Ann. 5. 
Plate g. 


Fig. 5. 


the Surface S S, (which here will be fix Inches, the Plate being half an 
Inch thick) to bear on the imaginary Surface Pz. In this cafe, the 
imaginary Surface’ will be unequally prefs'd ; for at d the Column Q dr 
may be confidet’d as made up of 11 Half-Inch Plates of Water, weighing 
each an Ounce, and the Plate of Lead at Bottom weighing 11 Ounces, 
fo that the whole compound Column will weigh 22 Ounces: whereas — 
other Columns of the fame Bafe, as S P Q, bearing on equal Parts of the — 
imaginary Surface above-mention’d, as they are made wholly of Wa- — 
ter, (that is, 12 Plates of Water of the Bignefs of P) will weigh but 12 
Ounces ;. and confequently the Surface will yield at P, and the Plate fall. 
But if by any Inftrument (fuch as A d made of a Tube fcrew’d to a 
Cupping-glafs) the Water be kept from prefling at top of the Plate P, 
then the Column Q Pdr will be chang’d into the fhort Column Pd, | 
which, inftead of 22 Ounces, weighs but 11, and will be pufh’dup by — 
that Part of the imaginary Surface under it ; fince all the other corre- — 
{pondent Parts of the faid Surface are prefs’d more ; viz. by Columns of | 
Water, weighing 12 Ounces. The way to make the Experiment is to _ 
have the Plate P cover’d with wet Leather, and held hard againft the — 
lower Edge of the Cupping-glafs, by the String ¢ A d, till the Plate P is 
imimers’d 12 times its Thicknefs under Water, or deeper, when the Plate 
will fwim, being pufh’d upwards without any help from the String. Butif 
you fhould let go the String before that Depth, the Plate would come off, 
and fall as at p; becaufe then the imaginary Surface s s would be more 
prefs'd by the Plate f alone, than by any other correfpondent Column of 
Water, fuchasmzyz*. io 
To the Bottom of the little Jar A MggM, Fig. 5. is cemented a 
Glats Plate ¢ ¢ ; then a fhort Cylinder of Ivory II, bya Wire faften’d to 
its Middle, 1s laid clofe on the Glafs Plate, and held down tilb Quick- 
filver be pour’d on over the Ivory up to M M. Upon taking off the 
Finger from pretling the Top of the Wire at K, the Ivory, tho’ fpecifi- 
cally lighter than Mercury, will remain at Bottom, becaufe the clofe 
Contact of the Ivory with the Glafs excludes the Mercury from infinuating — 
itfelf under to pufh it up. For if by moving the Wireat K, ons fide of | 
the Ivory be ever fo little lifted up, the Mereury will immediately get | 


Sm A ta FO i SS ee a ee oe 


I under, | 


ae 
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under, and make the Ivory fwim at top. If then the Ivory be prefs’'d Le&. VII. 
down again thro’ the Mercury, {0 as to apply itfelf clofely to the Glag, <n 
and exclude the Mercury, it will remain at bottom. ‘Thus will Cork be 

made tolie at the Bottom of a Jar of Water, as appears by 


EXPERIMENT 13. Plate 9. Fig. 6. - 
At the Bottom of the Jar A is fix’d a Brafg flat finooth Plate as 6, 4 Plate 9. 
little oil’d at top. Then with the Machine A d of Figure 4, is to be f'8: © 
puth’d down to the above-mention’d Plate the round Cork C, which 
has a {mooth Brafg Plate oil’d fix’d to its under fide. When the two 
Plates are together, fo that Water cannot infinuate between them, fill 
the Jar with Water up to SS, and the Cork will remain in its Place at 
Bottom. But if with a Stick you move the Cork afide, that the Water 
may pufh up under it, the Cork will immediately rife to the Top. 


| Proposition VII. , 
_Frurps in different Receptacles, as Lakes, Ponds, Wells, or Veftels 


of any kind, will ftand at the fame Level if they communicate with 
each other. | 


EXPERIMENT 14. Plate g. Fig. 7, 
In To the middle of the Bottom of the Gla Cup A B communicating prate 9, 
by a fide Pipe, Cock and Joint, with the upright Glafs Tube D E, Fig. 7. 
ferew the GlafS Tube GB bigger in Diameter than DE then pouring 
Water in at G up to H, it will rife up to the fame Height I in the Tube. 
DE. Let the Tube D E be mov’'d on its Joint towards F, and the 
Water will rife to F, where the Quantity of Water F m, tho’ greater 
than /I, will prefs no more than. / I, becaufe the Line 7 F may, in this 
Obliquity of the Tube, be confider’d as an inclin’d Plane, which takes 
away from the abfolute Gravity. of a Body in proportion to its Inclina- 
tion *, as has been fhewn+-. Shut the Cock C, after having thro’ G* Ann. 6. 
fil'd D E up to I; then {crew out the Tube G H, and fill the Cup to hn 3. N’ 
SS. _As foon as you open the Cock to make a Communication between *”’ 
the Tube D E and the Cup, the Water in the Tube will fubfide from 
Ito 7, raifing the Water at S S, till both are level, tho’ the Water in_ 
the Cup be 3 or 400 times more in Quantity than that in the Tube ; 
which confirms what we have faid, viz. that Fluids pref according to 
their Height, and not their Quantity. So that in the Glafs Cup you are 
only to confider in the Middle a Column of Water of the fame Diameter 
as /¢ for ‘its Counterpoife, while the other Columns which make the reft 
of the Water in the Cup, are fupported by its Bottom, 
J 
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16. T'uis is the Foundation of the famous hydroftatical Paradox, viz. 
that if there be feveral Veffels, as ABCD, Ec dF, andbicda, 


(Fig. 8.) of the fame Bafe, and the fame Height, but of very different 


Contents, fill’d full of Water, all their Bottoms will be equally prefi'd. 

Let A D contain a Pint, which weighs a Pound ; Ed contain a Quart, 

which weighs two Pounds, and 4 ¢ half a Pint, which weighs half a 

Pound : I fay, the Preflures upon the Bottoms C D, cd, cd, willbe the 

fame. And firft we will fhew it of the Veffels AD and Ed. If in the 

Veflel E d we confider the Cylinder of Water 2 ¢ dd perpendicular over 

the Bafe, that Cylinder is equal to, and as heavy as, the Cylinder of 
Water in A D, and confequently prefles neither more nof lefs. If you 

fuppofe the reft of the Water round about the top of this Cylinder at 

E ma, andF » 4, tobe frozen, the Cafe will not bealter’d; for then the 

Ice will make up Part of the Veflel. Now if we fuppofe the Water. 
thaw’d again, but unable to come within the Cylinder a.d, its Preffure. 
will not be alter’d, becaufe that Cylinder will neither be higher nor denfer 
from any lateral Preffure of the Water round. its Top; nor will the 
Fluid be put into any Motion by that Communication, as: has. been 
(hewn, And as Water is not compreflible, ifany Part of the lateral Water. 
fhould be by any means pufh’d’ into. the Cylinder ad, that could not be 

done without pufhing out as much of the Water of: the Cylinder,. which. 

would no way alter its whole Weight acting upon. the Rafe. Therefore 

only that Cylinder prefies upon it, while the reft of the Water is fup- 

perted by the Sides of the Veffel E m Fn. 

Ir is not fo eafy to thew how the half Pint of Water-in the Veffel 
bc will prefs as ftrongly as the Pint of Water in the Veffel A B; but we. 
will explain it fo.many ways as to give Satisfaction to feveral Readers... 

Ir the Bottom of the Veffel is fuppofed to move upwards from ¢ d to- 
e f, the Water. being then no higher than g, the Water will.rife in the 
fame time from g to 5, with a Velocity reciprocally proportionable to the 
Qaantities of Water contain’d between c d and ef, and between. g and 
ik; which Quantities of Water will have the fame Momenta, according: } 
to. mechanical, Principles *. If, inftead.of g, the Water is up at J, 
while the Bottom is fuppos’d to rife, the Velocity of the Water. iffuing | 
at & will likewife be fo.much greater in proportion to its Quantity, as to | 
refift as much as the Top of the Water inthe Veffel AD, whofe Velacity | 
would. be as much lefs, as its Quantity of Matter would be greater, 


Confequently, as Action and Re-ation are equal, the Bottom ¢ d mutt be, | 


as much prefs’d by the Refiftance of the Water at 6, tending to go out with © 
a great Velocity at A,.as by , the Refiftance of the Water, tending to go 
. out 
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out of the Veffel A D, at A B, witha Velocity fo much lef as the Le@. VII. 
Section of the Veffel A D at A Bis greater than the Section of the {mal] <—v—~ 
Veflel at A. 


Otherwife. Plate 9, Fig.9. 

Tis may be illuftrated by reprefenting the Columns of Water in the Plate 9. 
two Veffels by Glafs Tubes, If 12 Glafs Tubesa Foot long, as G, be Fig: 9- 
taken to reprefent the Water in the Veftel A D,. and 11 Tubes fix Inches 
long, with one in their Middle 12 Inches long, ashedL, be taken to 
reprefent the Water in the Veffel 4c, and thefe two Parcels of Tubes be 
placed in the different Scales of a Balance, to reprefent a Pint of Water 
contain’d in A D, and half a Pint of Water contain’d inhc, G will cer- 
tainly overweigh the Tubes in the oppofite Scale by halfa Pound. But if 
you take leaden flat Plates with an Hole in them, (as//) and put them 
on upon the middle Tube H at a 4, till there be many on as amount 
tohalfa Pound; then the compound Mafs of Glafs Tubes and leaden 
Plates will make an Equilibrium with the Tubes in the oppofite Scale G, 
Then if you take off all the leaden Plates from L but one, and hold your 
Hand over it, as is reprefented at hc d, tho’ the oppofite Scale hanging at 
B, with the Tubes G, will preponderate, yet will not the Scale at the 
End A be fufter’d to rife, becaufe the Hand keeps it down. Now the 
Plate being held down does the fame thing as 7%, the folder’d Top of the 
Vefiel b c, Fig. 8. Further, if youconfider the Columns of Water in 
the Veffel of Fig. 10. it is plain that the middle B of the Bafe 4 C is 
prefsid as much by the Column A B, as if the whole Veffel was a Cy- 
linder, as aC; but it does not at firtt appear that the other thort Co- 
lumns, as ¢ C, pref§ as much as A, till you confider as follows. Su 
pofe an Hole to be in the Top of the Cylindrick Part of the Veffel, as at 
¢, it is evident that the Water pour’d in at A would come up to D, if 
there was a Tube to carry it up. Now let ¢ be thut by the Cover ¢ d, 
and the Water will a&t upwards againft it with a Force equal to the Co- 
lumn of Water, as ¢ D: and fince Re-aétion is equal to Action, the 
Top of the Column c C will be prefs’d downwards with the Force of the 
Column Dc, which Preflure, added to the Preffure of the Column of 
Water ¢ C, will make the whole Preffure equal to the Preffure of the 
Column A B, The fame may be faid of all the other fhort Columns, 
which, by the Re-aétion of the Top dc, will actas if they reach’d up to 
@ D, and the whole Veffel was a Cylinder. | 
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Another Way. Plate 9. Fig. 11. z 

Tus Action and Re-action of the Surface of the upper Part of the 
Cylinder dc, (Fig. 10.) may be further illuftrated, by confidering the 
{pherical Figure of the Particles of Water. Let T Vieux (Fig. II.) 
reprefent the Vefiel above-mention’d: the perpendicular Column of Par- 
ticles T ¢ preffes the horizontal Column of Particles ¢ wz, towards w and 
V, in proportion to the Height of ¢ T: zw preffes the Particles-a x 
upwards again{t ~, with the Force of ¢'T minus the Weight of w x ; that 
is, with the Force xy, with which the Water would rife up, if there 
was an Hole at x. Now let the Bottom of the Veffel, which was in 
the Line B B, be remov'd to Z w, and then # w will prefs the Particles 
uw againft w with the Force of T ¢, which added to the Preflure of 
the fhort Column w z will give a Preffure on w, as T ¢-+-u wan equal 
to T't + £0, the Preffure of the whole Height of the middle, or high- 
eft Column of the Veffel. ; 

For a mechanical Solution, make the following 


EXPERIMENT 15. Plateg, Fig. 12. | 

Jon together the recurve Cupping-glafs mn, and the Tube oe, by a 
Brafs Joint I, fo that the Tube and Cupping-glafs may be parallel, or 
make any Angle with each other, as at Figure 13 and 14, where 
we have not drawn the Joint, but only fuppofe it. An Inch of Water 
at co in the Tube will keep in A®quilibrio an Inch of Water in the 
Cupping-glais at m 2, tho’ twenty times greater in Quantity, bes 
caufe if the Water in the Cupping-glaf defcends from the Level a 4 to 
p @ one Inch, the Water ¢ o in the Tube will rife to ¢ f twenty Inches in 
the fame time, having the fame Momentum as mn ; becaufe thofe Quan- 
tities of Water have their Velocities reciprocally proportional to their Mat- 
ter. Therefore the Water will be at reft, equal and contrary Forces 
deftroying each other. In Figure’ 13. if the Ware moves laterally from 
a6 toc d, the Surface of Water in the Tube at g 4 will go to ef with 
as much. more Velocity as it has lef Matter, and confequently as much 
Momentum or Force, i 
Lasriy, in Figure 14, where the Tube and Cupping-glafg are re- 
duc’d to the Form of the Veflel 5c dof Fig. 8. it is plain that if the 
Water of the Bottom a 4 rifes up to cd, it will make the Water of ¢ 5 
rife up to ef with fo greata Velocity as to have a Momentum equal tf 
that of 24. And this is the reafon why the Water in the fmall Tube at 
top (fec A, Fig. 10.) will by its greater Velocity pref$ as much down- 
vat wards 


( 
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wards towards the Bottom, as a Column D dof the Diameter 2 D, with Lec. VIL 
a Velocity proportionably lefs. This will be made very fenfible by re cant 


ExpERIMENT 16. Plateg. Fog. 15, 16, and 17. 

Tuer Machine for the Experiment is as follows. A (Fig. 15.) ts an dig 9: 
hollow Brafs Cylinder of 2 4 Inches Diameter bored fmooth on the In- Bee ee iA 
fide with a flat Bottom, having only a {mall Hole to open and fhut at s 
upon occafion. S$ is an Iron Screw to fcrew into a Board, as B X, (Fig. 
16, and 17.) to bring down the Bottom clofe to it. There is a Brafs 
Pifton, as C D, made of a Shank C 0, a Brafs Plate C ee fcrew'd to 
another Plate fomething wider, as D, with an oi’d Leather between 
them e e¢, whofe Office is to fold upwards, when the Pifton is in the 
Cylinder, fo as to let no Water flip by, or come down to the Bottom of 
the Cylinder, and run out at the Holes, which mutt be left open in this 
Experiment. The Brafs Cylinder being ferew’d to its Board, as at AB, 
Fig. 16. the Pifton C is put-into it, and the Wire G O is icrew’d to its 
Top 0, after which the Cover BE being put over the Wire, the 
Brafs Tube F ¢ is fcrew’d on at E, and Water pour’d in to the Top of 
the Tube, as in Figure 17. Then hooking one End of the Beam of 
a Balance to G, the Top of the Wire of the Pifton, put a Counterpoife in 
the Scale hanging at the other end of the Beam, till the Water juft comes 
out at F, which fhews how much the Water prefles on the Pifton in the 
Cylindrick Box E A. Take off the Cover and Tube E D F, and in- 
ftead of them {crew on a Cylinder of the fame Height 2B 4, as on the 
16 Fig,.on the Left of Fig. 17. and hang on the Scale Beam. Now 
tho’ the Quantity of Water in the Cylinder be 10 times greater than it was 
in the Machine at Figure 17, -yet the fame Counterpoife will raife the 
Pifton. Then take off the Cylinder, and {crew on the fpreading Veffel, 
or truncated Cone B D, which holds 20 times as much Water as the 
Machine of Fig. 17. and ftill the Water will prefs no more, but the 
Pifton will be rais’d up by the fame Counterpoife. ! 

N. B. Tue Friction of the Pifton, (which adds to the Preffure of the 
Water) being the fame in every Cafe, makes no Alteration in the Ex- 
periment, which plainly proves that very different Quantities of Water . 
incumbent on the fame Bafe, prefs it equally, provided their Heights are 


equal, 
Ex PERIMENT 17. Plate 10. Fig. 1. 
17. ANOTHER Experiment to prove the hydroftatical Paradox may piate 10. 


be explain’d, without any previous Knowledge of hydroftatical Princi-Fig. '- 


ples; only from the common Obfervation that in all communicating 
Vefiels, 
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Lect. VII. Veffels, Water will rife to the fame Level. ABI Dc is a kind of Bellows 
Plate. 10. Made of two thick oval Boards about 16 Inches wide, and 18 long, 
Fig.1. _ join’d together with Leather to open and fhut like a Pair of Bellows, 
but without Valves, only a Brafs or Iron Pipe Ppl to come in at the 
Bottom. Upon the upper Board CD put fix half hundred Weights, 
W, W ; and then pour in Water into the Pipe Pp, to the Height of 3 
Foot, that is, to L, and that Water by running into the Bellows, will 
pufh up all the Weights, provided there be Water enough in the Belz 
lows to keep its Boards afunder, and the Pipe be full. In this cafe, 
the Water in the Pipe which weighs but a quarter of a Pound, fuftains 
300 Pound weight; and this is the Reafon: Let us {uppofe a Pipe Cc 
f{crew’d on at ¢; it is evident that the Water pour’d in at P, will rife 
upto C to the Line /M L, where it will be level with the Water in P, 
If you fuppofe Pipes at E, and at F, the Water pour’d in at P will 
_ alfo fill them up toe and /; and if thofe Pipes being taken off, any 
Perfon ftopp’d their Holes ¢, E, F, with his Fingers, each Finger ftop- 
ping an Hole, would be pufh’d upwards with a Force able to raife u 
a quarter of a Pound, (the Weight of the Water that wou’d fill the 
Tube ;) and fince we may fuppofe fuch Tubes in every Part of the 
Boarde D, (which is the fame as one great Tube c LMD, containing 
them all) there muft in every Part of that Board of the bignefs of the 
Bafe of fuch a Tube, be a pufh upwards able to lift a quarter of a 
Pound (to fill a Tube fuppofed in that Place) and the Sum of all thofe 
quarters of a Pound is the Weight of all the Tubes, or of the Cylin- 
der cL. DM containing them all. So that whatever be the BignefS of 
cD, it will rife in proportion to the Height of the Water in the Tube 
Pp. Ifthe Water ftand at Dda Foot above p, one hundred weight 
will be lifted on ¢D; if it ftand at the Line mo two Foot high, ¢ D 
will fuftain 200 Pound ; and if atthe Line LZ, CD will fuftain 300 
Pounds, ‘This is further illuftrated when the Bellows is able to open a 
Foot, becaufe then by pouring Water in at P, the Board cD will be 
tais'\d a Foot from the Board IB, and the Water will ftand in the Tube - 
at d, becaufe the Cylinder of Water CABID weighing 100 Pound, 
will prefs.as much downwards as 2 Half-Hundred Weights on CD, when 
the Boards are juft touching. This alfo fhews that the lateral Preffure is 
according to the Height, as the Water goes in fideways at p2 ; and that 
the Water puthes in all manner of Dire¢tions (as we have fhewn) does — 
alfo appear here, when we make ufe of the Tube Cc, thro’ which the 
Water having pafs’d, {wells the Leather, and feparates the Boards in the 
fame manner as when it came thro’ Pp. 
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18. Tuo’ it be very obvious that Water rifes to its own Level, yet the 
ancient Romans did not know that Water coming from a great Diftance 
had that Property ; otherwife they wou’d not have been at the immenfe 
Expence of making Aquzeducts, and carrying them from one Mountain 
to another over Arches built upon one another, as may be feen in feve- 
ral Places: and tho’ we often find fome of their Clay Pipes for the 
conveyance of Water, yet none of them are made to rife again after a 
Declivity. But now that Water-works are better underftood, feveral 
Towns are very well fupplied from Refervoirs at great Diftances (fome 
Miles fometimes) diftributed to feveral Houfes, and beautifully con- 
ducted to make Jets in Gardens. The beft way of doing this is what 
F thall fhew in thefe Lectures in general, but more particularly in the 
Notes, where I fhall give Rules and explain Phenomena not taken no- 
tice of hitherto. * : 


ExPERIMENT 18. Plate 10. Fig. 2. 


{il 


Pears Vit: 
ein alee 


* Ann. 72. 


ABCD isa Vefiel of Tin or Copper two Foot high, of about 6Inches Pilate 10; 
Diameter, with a cylindrick Difh at Top of about one Foot Diameter and Fig: 2. 


fix Inches deep, to reprefent a Refervoir of Water ; from the Bottom goes 
an horizontal Pipe of Conduct KI, and from I a vertical Pipe IE, with 
Ajutage or {pouting Holes K; G, H} to open upon occafion. This Vef- 
fel being fill’d with Water, the Pipe I E ‘will alfo be full; fo that a Plane 
paffing along the Line EAF, will touch the Surface of the Water in 
the Pipe and in the Refervoir, fo that the Surface of the Water in 
the Pipe at EF, will be neither more nor lefs prefs\dthan an equal Part 
of the Surface AF by the incumbent Air. But if you open any of the 
Jets in the Pipe of Conduct, the Water will not rife up to the Line 
EF, becaufethe Air does not only prefs at top, but every way on the 
fpouting Water. Ifthe Hole of the Ajutage be fo big that the Pipe of 


Conduct does not fupply faft enough, as at K -+,-the Water will not + Ane. 7. 


rife to its full Height: and.if the Hole be too fmall as at H, the Air 


will have fo much Power over it, as alfo to hinder ‘its rifing’ to the - 
full Height. But if the {pouting Hole be big enough, without being too » 


big to be fupplied: by the Pipe of Conduét, the Jet will rife to the 


greate{t Height - poffible, efpecially if it is not quite perpendicular ; be- - 
caufe the Water that makes a Head on the top of the Jet, preffes it » 
down, and takes fomewhat from the perpendicular Height. ‘The lofs - 


of-Height in Jets, Size of the Pipe of Conduct, and Rules for their - 


Management, {hall be fhewn in the INotes. || . 


WHEN 


| Ann. 7; 


Tv, 
Lect. VIL. 


A Courfe of Experimental Philofophy. 


Wuen Water in a Town is to be diftributed from a Refervoir to 


—v—— feveral Perfons, we ought to know how to meafure the Expence of Wa- 


Plate to. 
Fig. 3. 


Plate 10. 
Fig. 4. 


ter; for it is very different tho’ it fpouts thro’ Holes of the fame Size, 
when the Height of Water above the Holes is different : for 


18. THE Expence of Water is as the fquare Roots of the Heights of 
the Water above the {pouting Holes, 


EXPERIMENT 19g. Plate 10. Fig. 3. 

Tue Machine abovementioned muft be alfo ufed here, but with a 
Spout at B to let out the Water coming in froma Pipe at A, that the 
Veflel may be always kept full, Then having a little fpouting Pipe at 
C, 4 Inches below the Surface of the Water, and another at D, 16 
Inches below the faid Surface, let thofe two Spouts run at once in dif- 
ferent Veffels (the Refervoir being kept full) and then having ftopp’d 
both the Spouts at once, you will find that the Veffel F has received 
double the Quantity of the Water in the Vefiel E ; which proves the 
Propofiticn, 2 and 1, being the Roots of 4 and 1. | 

19. To know how far Water, or any Fluid will fpout on a Plane 
plac’d any where below its Surface, according to different Heights of 
the fpouting Holes, you muft ufe this Method. Let the Line AB, 
Fig. 4. reprefent the Plane on which you would have the Liquor {pout. 
At E raife the Perpendicular B C, equal to the Height of the Surface of the 
Liquor above the faid Plane. On the Line BC defcribe the Semicircle 
BDC, and at J, K, L, mark the Place of the {pouting Holes below the Sur- 


faceat C, From I, K, and L, raife Perpendiculars till they come to the 


Circumference of the Semicircle at E, D,and F. From thofe Points let 


fall Perpendiculars to AB, as Ee and Dd. Set off Be from eto G, 


and Bd from d to H, and the PointsG and H will be the Place on the 
Plane where the Liquor will {pout, that is, where the Jets will be in-. 
tercepted by the Plane. NB. The Amplitudes of thete Semi-parabo- 
la’s will be proportional to the Sines IE, KD, LF, confequently that 
Spout will go fartheft which jets out in the Middle of the Height be- 
ween the Surface of the Liquor and the Plane AD, becaufe the Sine 
there being an half Diameter is the greateft that it can be. But the 
Quantity of the Water of thefe Jets is not as the Diftance which they- 
{pout to, but as the Velocity of the Water, which isas the Square Roots 
of the Heights of the Fluid above the Hole, as we have fhewn before. 


‘This is fhewn by an Experiment made with the Machine of Figure 3, 


kept full; G,H,and I being made the Jets, which wvill {pout to K and L, 
| To 
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T o know how to eftimate the Preflure of Water upon Sluices, Dams, Le. VII, 
Banks, or any kind of Surfaces, we muft underftand the following yd 


| ProposrtTron_ VIII. 

20. The Prefure of Water upon any Surface under Water, in any 
Pofition, 1s equal to the Weight of a Body of Water, Sound by multiply- 
ing the Area of that Surface, by the Depth of its Centre of Gravity be- 
how the Surface of the Water. 

Let ABCD (Fig. 6.) reprefent a Surface, fuppofé a Wooden Plane Plate ro, 
4 Foot long, and 4 Foot wide, ‘that is, containing 16 fquare Feet. We 8: & 
will firft fappofe it to lie in an horizontal Situation 4 Foot under Wa. 
ter, In this cafe it is evident that on every Square Foot of the Plane, 
there prefics a perpendicular Column of Water, containing four cubick 
Feet ; and therefore the whole Preffure on this Plane, is the Weight 
of a Solid of Water weighing 64 cubick Feet. In this Café K the Cen. 
ter of Gravity of the Plane, is 4 Foot under Water, which Depth mul- 
tiplied by 16, (the Area of the Plane in {quare Feet) gives 64 for the 
Solid above mentioned. If this Plane be plac’d only 2 Foot under Wa- 
ter, each Column of Water bearing perpendicularly on a fquare Foot of 
the Plane, will be but 2 Foot long ; fo that the whole Solid will be but 
32 cubick Feet of Water, which is the Produ@ of the Area of the 
Plane by 2, the Depth of the Center of Gravity below the Surface in 
this Situation. In this manner may the Propofition be demonttrated for 
evety horizontal Situation of the Plane. Now we will confider the 
other Situations of the Plane, and fitft the vertical ; but to make the 
thing eafier, we will only fuppofe the Plane oné Foot wide, and four Foot 
long. Now let the Plane be fappofed to ftand upright in thé Line AB, 
(ing. 5.) ACDB, 16 cubick Feet of Water bearing againftt AB; AAD 
a diagonal Line, and f the Centet of Gravity of the Plané AB: I — 
fay, that if a fecond Plane is-plac’d in the Liné AD, the Quantity of 
Water contain’d between thofe two Planes, will be all the Water pref- 
fing againft the Plane A B; in this Cafe 16 cubick Feet. 

fig. 5. Stnce the lateral Preffure of Fluids ig equal to the perpendi-Plate 
cular, the Preffure on all the Points of the Plane AB, rason) a fe Be’ > 
&e..may be eftimated by the Length of the horizontal Lines a 5, Tt,g23 
BD, terminated by the Planes AB and A D, which ate equat to the Per- 
pendicularsAa, Af, Ag, and AB, as they are Sides of the fame’ Squares. 
Now. all the horizontal Lines between’ A ‘and ah, or rather the thin 
Plates of Water contain’d between A and ah, the upper Foot of the 
vertical Planes, that is between the Point A -and 2 hb,’ make up but 
half a cubick Foot of Water, which exprefies the Weight preffing on 

Wer. Il. Q. Aa. 
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Le&t. VIL Aa, Thus willthe Water 2/7, acubick Foot and a half, be the Water 
tv prefling on the fecond Foot af of the Plane AB: fikg, two cubick 


Plate to. 
Fig. 6. 


Plate 10. 
Fig. 7- 


Feet and a half, be the Water prefling on fg the third Foot of the Plane 
AB; and gk DB, three cubick Feet and a half of Water, be the Wa- 
ter prefling on g B, the loweft Foot of the Plane AB. Thusthe whole — 
Preffure on the Plane AB will be the Water contain’d between AD and 
AB; as may be better feen in the 6th Figure, where AaeE, Eefk, 
kfgG, and Ggé4B in the pointed Lines, reprefent the fquare Feet 
of the Plane, and where it is to be obferved that the Center of Gravity 
being at &, two Foot under the Surface of the Water, the Surface AB 
(now fuppofed only ong Foot wide) multiplied by that Depth, will pro- 
duce a Solid reprefented here by the Section AoC, containing 8 cu- 
bick Feet of Water, the fame in Contents with the Solid reprefented 
by ABD, which we have fhewn to be the Weight of the Water pref 
fing on AB. 

Tue Preflure of the Water may thus be found in any Situation of 
AB; for ifthe top A remaining in its Place, the Bottom B approaches to 
or recedes from the Line AD, the Center of Gravity & will rife, and 


-fo its Depth, by which the Surface AB is to be multiplied, will be 


lefs: And if the Bottom B remaining, the top A approaches to, or re- 
cedes from the Line AD, the Point & will be lower under Water, and 
confequently the Product of the Multiplication of the Surface AC bya 
greater Depth of A& will be greater. 

Wuitst ABC reprefents the Water preffing againft AB (fee Fig. 7.) 
in the Directionde, if the Point O be fuftain’d againftthe Force of the 
Water, either by a Prop behind, or a String running over a Pully, to which 
hangs a Weight equal to the Weight of the Water ACB, AB will 
fupport the Preflure of the whole Water. That Point is call’d the Cen- 
ter of Preffure, and is always two Thirds below the Surface of the Water 
on the Plane. It is very near of the fame Nature as the Center of OF 
cillation in Solids, 


Of the Nature of Air, and fome of its general Properties, 


Ark has fo much to do in feveral Phenomena of Water, as in Syphons, 


Pumps and Fountains, &c, that I thought proper to confider it in Part 


here, in order to explain feveral things in Hydroftaticks, which wou’d 
require many Words without a previous Knowledge of the general Na- 
ture and Operations of Air. As for fome particular Properties of it lately 
difcoyer’d, I fhall confider them elfewhere. : 


DEFI- 


nt 
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Lect, VII. 
DEFINITION. yd 
21. Arr is a Fluid eafily comprefs’d, which dilates it felf again when pate. 10: 
the Force that comprefs’d it is remov’d. This may be illuftrated by a Fig. 8. 
Spunge, ora Fleece of Wool. See Fig. 8. 


EXPERIMENT 20. Plate 10. Fig. 8. 

Ss is a Spunge on the Plane AB. If laying your Hand on it at §S, 
the top of the Spunge, you prefs it down to C D, {fo as to bring it within 
the Compafs of CmnsD, as foon as you remove your Hand, the Spunge 
will reftore it felf to its former Dimenfions, The fame will happen 
toa Fleece of Wool. This Property is call’d the Elaficity of the Air. 


22. Tuer Air which encompaffes the terraqueous Globe, with all the 
Vapours and Exhalations that are mix’d with it, is called the Atmo- 
{phere *. It is reckon’d to reach to the Height of about fixty Miles; * Annot. 8. 
 thatis, to be fenfible to about that Height, becaufe of late Years fome 
_ Meteors (which are fuftain’d in it) have been feen to rife to about that 
Height : Tho’ it may be ftill higher, but of a very {mall and almoft 
infenfible Denfity. : 


23. Wuere the Surface of the Earth is not fenfibly heated +, the t Ann. 9- 
Atmofphere is denfeft next to the Earth, and is thinner gradually as you 
go up higher and higher, till it becomes many thoufand times thinner 
or rarer than at the Surface of the Earth, ‘This may be illuftrated-by 
the Example of the Accumulation of Fleeces of Wool in the following 
manner, 


Plate 10. Fig. 9. 

Let T T be Part of the Surface of the Earth, on which we will 

fuppofe a Tower of a great Height (open at top) tobe built ; and let 1 T, 
KT, reprefent the Sides of that Tower. Suppofe a certain Quantity 
of Wool to be put in at the Bottom of the faid Tower was to reach up 
to the Line A B. If the Wool was not compreffible, an equal Quantity 
of Wool would reach up to the Line C D, another Quantity equal to 
that would reach the Line E F, another would reach the Line G H, 
and a fifth, equal to the reft, would reach up to the Line IK. But 
fince Wool is compreffible, the Quantity of Wool C B, being laid on the 
lower Wool A 'T, will comprefs it, and make its Surface defcend from 
A B toa 4, whilft CD comes down to x 0, which the Bottom of the 
_ Quantity E D following it muft come to, whilft its Surface is brought 


Ore . . from 
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Lett. VIL from EF toi %. But as the WoolE D (now 72 0) is heavy, it will 


Plate 10. 
Fig. 9. 


Plate 10. 
Fig. 10. 


* Ann. ro. 


prefs down the Surface of C B (now 20a b) top g, its own Surface 


coming down to/ m; and that of the loweft Quantity A T (now ad: 


TT) tocd, fo as to reduce it into the Space c' F-T d, three Fifths of the 
Space it occupied before. Now let usconfider the Effe& of the Wool- 
GF. AsEF, the Surface of the Wool ED, is now at/ m, its Bottom 


will bear on p g, the prefent Surface of CB, which by its Weight it will. 


pufh down to r 5, (while its own Surface defcends to x x) as alfo make 


cd, the Surface of the loweft Quantity, defcend to e J, f0 as to reduce: 


that Quantity into the Space e FT f, two Fifths of what it occupied at 
firft. Laftly, the Quantity of Wool I H is now come down { low as 


to be in the Place g 5 6 9, prefling with its Bottom 5 6 upon the: — 


Quantity G F, (now 5 x « 6;) and asit is heavy it will cau‘ the Sur- 
face x x to defcend to 10 10, while the Quantity E D. (now 10 10 
y %) will prefs upon the Quantity C B, (now yz ef) which will re-. 
duce the firft Quantity A T (now e T Tf) intou T T u, the fifth 


art of its former Dimentfions, as it has five times more Wool preffin 
Pp ’ preiing: 


upon the Bottom TT, WN. B. We have not here confider’d that all the: 


Quantities of Wool, except the higheft LH,. mutt be condens’d. into leg. 
Dimenfions than they had at firft, according to the feyeral Quantities. 
Incumbent upon them. Therefore, to avoid the tedious Confideration- 
of every Particular, you may caft your Eye upon the Effect of the Pref. 


fure of the feveral Quantities laid upon ene another, as they appear ine 
Figure 10, where the feveral Quantities of Wool A T, CB, ED, GF, 


I H, are by the Compreffion of the fuper-incumbent Wool reduc’d into» 


the Spaces mark’d by the fame Letters. This will thew. that the Den-. 
fity of the lower Parts is proportionable to the Compreffion occafion’d. 
by the upper ; which are here from the Bottom to the Top, in the pro-. 
portion of 4, 3, 3, ¢, $. If IH be remov'd, A Twill expand itfelf, 


and occupy 4 more Space, being rarefied to 2; but. if, another Quan- . 


tity, fuch as !'H, be laid upon I Hi at its Surface. K, the Quantity A.T 
will be compref’d into = lef§ Space than it occupied’ before. | 

Tuts would be ftri¢tly true of Wool, if its Elafticity was perfect s- 
but it is only true in relation to Air, whofe Elafticity is perfect. when itis. 
pure Air*, whofe Condenfation and Rarefaction. we: have endeayour’d to. 
reprefent by Wool; or Spunges ; tho’ we don’t mean. to explain the Make 
of the Particles of Air by thofe. of Wool, or Spunges, which are made. 
up of little Springs coil’d. up, which take up. but.a {mall Space,, when, 
prefs’d together; but, when, freed from. that Preflure, unbend them-. 


ielves, and take up much. more room. becaufe fuch-a Figure will nevery 


seach 
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reach the prodigious Rarefaction of Air, which, under different Circum-Le@. VIT. 
ftances, is expanded from 1 to 30,000 *, i Parte 

Proposition IX. 
TueE Ai’s Denfity is ftriGly equal to its Compreffion, as appears by 
the following 


ExPERIMENT 21, Plate 10. Fig. 11, 

Take a Glafs Tube of } ofan Inch Bore within, 62 Inches long Plate 107. 
from A to B, befides the Return BC, and one Foot turn’d up parallel to Fig: '- 
A B at CH, open at topat A, and hermetically feal’d (that is, clos’d 
withthe Glafs) atH.. Fill the Part BC gently with Quick-filver, {o- 
that there may be a Foot of Air at C H, Then pouring in at A Mer- 
cury, f0 as to reach to I, near 31 Inches high, the Air in the Space C H. 
will be redue’d into the Space H de == 6 Inches, the Mercury in this 
fhort Leg rifing up tod e, fo as to reduce the Air into half the Space it: 
occupied before; becaufe 30,8 Inches of Mercury in Height prefs as: 
much as the whole Atmofphere. For when the Air (which, prefs’d by 
the Atmofphere, took up the Space of CH == one F oot) came to be: 
prefs'd by an additional Weight of Mercury equal to the Atmofphere, it. 
muft be comprefs’d into 6 Inches, half the Space, by a double Weight.. 
Which was to be prov'd. 

Pitt in more Mercury at A, till it rifes near 62 Inches high, then: 
the Air will be reduc’d into the Space H J a Third of what it occupied’ 
Before; as it is now prefe’d by three times the Weight. But if you in-. 
chine the Tabe fo fill'd, till you bring the Surface of the Mercury to be 
bat 31 Inches perpendicular over B, the Air will expand itfelfagain, and- 
defcend to de, having now only a double Denfity ; becaufe Fluids pref- 
fing upon the fame Bafe, a@ not according to their Quantity,. but. their 
perpendicular Height. 


24. Tur Air that we breathe is in a comprefs’d State, and of the 
fime Denfity at the fame Level, unle($ where it is accidentally heated or 
cool'd’*> but when that Heat or Cold is remov'd, the Air returns tothe * Ann. 1. 
fame Tenor with the ambient Air, The Air may be likewifé condens’d 
or rarefied by any Power; but. when that Power ceafes to act, it returns 
to its former Denfity.. 


PRopostTion X, 
Tue Ait iman open Veffel,. whether large or fmall, is able by its 
Spring to.fupport the whole Weight of the Atmofphere ;.as the Air in 
i the 
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Leé. VI. the Veflel AB*. For if we fuppofe that Air weaker than the Atmo- 
PPT iphete, it mutt yield by the Preflure of the Atmofphere, and fink down 
Fig, 1" (for Example) to e f, at which time it will have increas’d its Denfity in 
proportion to its Compreflion, and confequently its Elafticity, whereby 
it will fuftain the incumbent Atmofphere. Again, if the Air in AB 
was ftronger than the Atmofphere, it could not continue in that 
State, but expand itfelf, for example, to g 4, till it became weaker by 
its Expanfion, fo-as only to fuftain the Atmofphere without lifting it 
up. 45 


ExpERIMENT 22. Plate 11. Fig. 2, and 3. 


Plate 11. Taxe the hollow Glafs Ball B, containing about‘a Pint, with a Brafs 

Fig. 2, and Cap and fmall Hole C ; and having fuck’d out fome of the Air contain’d 

init, ftop C with your Finger ; then take’ off your Finger near the Candle 
A, and the Flame of the Candle will be driven to the Hole by the out- 
ward Air which runs into the Ball, (whofe Air: is now rarefied) till the 
Air in the Ball is reduc’d to the fame Tenor as the outward Air. But if © 
the Air in the Ball be condens’d by blowing into it; when you bring it to 
the Candle, it will blow the Flame ; till by its Expanfion it becomes no — 
denfer than the common ambient Air. HB ea on 


ExPERIMENT 23. Plate 11. Fig. 4, and 5. 


Plate 11. Ir, inftead of the Flame of the Candle, another Fluid, as Water, be 
Fig. 4,and 5. interpos’d between the denfer and rarer Air, that Fluid will be driven 
towards the rarer Air, as long as there remains any Difference of Denfity 
inthe two Quantities of Air. Having fuck’d fome Air out of the little — 
Glafs Fountain F, and having fuddenly ftopp’d the upper end of its 
fpouting Pipe P p with the Finger, invert the Spout under SS, the Sur- — 
face of the Water in the Veffel A B. Then immediately upon the Re- — 
moval of the Finger the Water will run up thro’ P, and out at p, fo’as 
to fill up Part of the Fountain. But if you had blown into the Fountain 
SJ, (fig. 5.) ftopp’d P, and, having inverted the Spout under the Water 
ss, removd the Finger, the condens’d Air in the Fountain would ex- 


pand itfelf, and come out in Bubbles at P, under the Water contain’d 
in the Jar a 4, | 


EXPERIMENT 24. Plate 11. Fig. 6. 
Tue Fountain being fet upright half full of Water, fet your Mouth 
to s, and fuck out fome of the Water, which will rarefy the Air at 2, in 
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proportion to the Water fuck’d out: then the outward Air will ruth in Lec. VII. 
at S, go thro’ the Pipe to the Bottom of the Water in Bubbles, and -—~v—~ 
come up again into the Space a, as much in Quantity as there was Water Fig. 6,and 7. 
drawn out, till the Air in that Space a is become as denfe as the external 
Air, 


EXPERIMENT 25. Platet1. Fig. 7. 

InsTEAD of fucking at the {pouting Pipe S$, blow hard into it, foas 
to condenfe the Air in the Space a: then immediately that Air by ex- 
panding itfelf will prefs upon the Water, and caufe it to fpout out at S, 
as long as the Air in @ is denfer, and confequently ftronger than the ex- 
ternal Air, which it will foon ceafe to be by its Expanfion, 


Proposi rion IX. 
25. Heart expands the Air, and Cold condenfes it, 


EXPERIMENT 26. Plater. Fig. 8. 

InTo the Jar $A CS throw lighted piece of Paper, and the Air in Plate 1r- 
it will expand, {0 as not to be contain’d inthe Jar. For example, what Fig: 8: an¢9- 
was at the Surface S S will rife up toss, whilft the Air in the Space 
AC B will expand, fo.as to fill up the whole Jar. Invert the Jar fud- 
denly before the Fire is out, with its Mouth into the Water of the Veffel 
ABCD; and, as foon as the Flame is extinguifh’d, (which was the 
Power that expanded the Air) the Air in the Jar will return to its former 
Dimenfions, wz. into the Space AC Bof Fig. 8. The external. Air 
which would rufh into the Jar now meeting with the Surface of the 
Water S Sin its way, drives it into the Jar uptoss, tillthe Air that had 
been rarefied by Fire is reduc’d into the Space P ss, equal to the Space 
A BC, (Fig.8.) the Space it occupied before it was heated. Ifa Spunge 
full of Water, colder than the Air, be applied to the Jar over P after the. 
Paper is extinguifh’d, the Water will rife up to ¢ ¢, the Air in the Space 
pt ss occupying lefs Space than fo much common Air. 


Proposition XI, 
Dense Ai will drive a yielding Solid into a Space occupied. by rarer 
Air. | 


EXPERIMENT 27. Plate 11. Fig. 10, 
_ Toa Glafs Receiver B, of about three or four Inches Diameter, hav--ptate i+. 
ing.a Cock and Brafs-Work at C, faften a piece of wet Bladder 4 4, {0 as Fig: 1. 
to. 
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Lec. VI. to cover its Mouth, Then take the Cupping-glafs G, and having held it 
a over the Candle A, to rarefy the Air within it, apply it fuddenly to the — 


Plate 11. 


Fig. 10. 


* Ann. 12. 


Plate tr. 
ig. 11. 


Bladder 44, covering the Mouth of B, and the Bladder will rife concave 
into the Cupping-glafs at g. ‘This will fucceed juft in the fame manner, 
whether the Cock C be open or fhut *. When it is open, the Preffure 


of the Atmofphere acting thro’ the Cock drives the Bladder into the Air 


at g, which being rarer than common‘ Air, ‘is unable to fupport the 


whole Preffure of the Atmofphere. When the Cock is fhut, the Blad-— 


der rifes at g, becaufe the Air in B: not having been rarefied, but being 
equal in Denfity with common Air, drives the Bladder into the Space g 5 
defs refifting, beeaufe rarer, than common Air. tii 


CoROLLARY. 
26. Hence follows, that Air in any Space acts as ftrongly by its 
‘Spring as the Atmofphere does by its Weight, as. we fhall thew here- 
after. 


ExPERIMENT 28. Plate 11. Fig. 11. 

To the Bottom of the Glaf$ Receiver A B F tie on the Bladder E, 
open at BF, but clofe at the little Handle d. Then having another 
fimall Bladder with its Neck faften’d to the Tube C D, which has a 
‘Screw at S, thruft in that Bladder thro’ the Neck S a into the Receiver, 
and {crew all faft at S. This Machine reprefents the Operation of the 


Lungs in the human Body. ‘The Bladder D, and Pipe D C, are in- 


tended to. reprefent the Lungs; for tho’ the Lungs are made of feveral 
Lobes, and an infinite number of little Bladders not reprefented here 3 
‘yet as they all fwell and fubfide by the Air paffing in and out at the 
Wind-pipe, their Motion may well be reprefented by the {welling and 
fhrinking of the Bladder, and the Wind-pipe by the Glafé Tube. The 
Receiver A B F reprefents the Cavity of the Cheft or Thorax, and the 
Bladder B EF performs the Operation of the Diaphragm or Midriff. 
The Air between the two Bladders reprefents the Air contain’d in the 
Cavity of an Animal’s Thorax, which, when condens’d, prefles down 


the Lungs; and, when rarefied, fuffers them to rife by the Influx of the | 


external Air thro’ the Wind-pipe. Tbe Operation is thus perform’d. By 
the Handle d pufh the Bladder E into the Receiver up toe. This wil} 


diminifh the Cavity A B F, containing the Air in the Thorax without 


the Lungs, and there, by condenfing the Air, render it ftronger than the 


Air in the Lungs, which is of the fame’Tenor: asthe outward Air, ‘This 


avill make the Bladder a 4c (ov Lungs) fubfide, and difcharge its: Air 


out 


3 


‘ 


A Courfe of Experimental Philofophy. T21 
out at C, which reprefents d/owing, or Expiration. Pull dowr the great Led. VII.” 
Bladder or Diaphragm from e to E, the Cavity A B F reprefenting the \“W wv 
Thorax will be increas’d, confequently its Air will be rarefied ; and as it r. 
is now weaker than the external Air, the external Air will ruth in at C, 
and fwell up the little Bladder or Lungs at a ¢ 4; and thus will thew the 
Operation of fucking, or Infpiration, 


End of the SEvENTH LECTURE. 
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ANNoTaTIONS upon the Seventh Lecture. 


1. f 


M ANY Ways have been contriv’d to condenfe Water; but no Force 


Incomprefible as Water.| 


has been found fufficient to do it. ‘The moft remarkable Experiments 

have been made with hollow Globes of Metal, which being fill’d with 
Water, and the Hole fcrew’d up faft, have been hammer’d and fqueez’d in 
ftrong Preffes, to alter them from their fpherical Figure, that by having the 
fame Water contain’d in a Veffel alter’d from its fpherical Figure, which 
would have lefs Capacity than the Sphere, it might appear that the Water was 
condens’d. But whenever the Shape of the Globe was alter’d, the Water 
002’d thro’ the Pores of the Metal, in proportion as it had lefs Room, and 
fo could not be condens’d. This fhew’d alfo, that the Particles of Water 
were fmaller than the Pores of Metals: even of Gold; for upon trial the 
Water pafs’d in a fort of Dew thro’ a Sphere of Gold. 


2. [8.—- Fluid. will. have-an horizontal Pofition.]- Fhis-1s not-ftrictly- true, 
becaufe the Surface of the Water being Part of the terraqueous Globe, muft be’ 
convex. Thusa Veffel in a Cellar will contain more Water than the fame 
Veflel at the top of a Mountain; becaufe its Convexity is then a Part of a 
lefs Sphere than when the fame Veffel is carried to the top of the Mountain. 
But thefe Niceties are of no ufe in Hydroftaticks, becaufe our Senfes cannot 
perceive the Difference. There is another thing indeed worth obferving, 
which is, that if you filla clean Glafs Veflel, whofe Top is dry, the Water 
will be accumulated on the Top, and hold together by the Attraction of Co- 
hefion. The fmaller the Veffel, the higher the Water will be heap’d up. 


3. [11.——Tbe Drops of Oil rife again, &c.] A Drop of Oil containing lefs 
Matter under the fame Bulk than a Drop of Water, and endeavouring to de- 
fcend with the fame Velocity, has lefs Momentum downwards ; therefore 
évery Drop of Water contain’d in the Jar defcending with more Force than 
the Drops of Oil, muft make them rife up to the Surface. 


4, [12.—Raijing Water by Pumps.] See the next Lecture. 


6.-[15.——The imaginary Surface would be more prefs’d by the Plate alone, 

than by any correfpondent Column of Water.| This will fhew us a way to make 

any Metal fwim, or be fupported in Water. For when once we know the 

{pecifick Gravity of the Metal, if we apply a Plate of the faid Metal to the 
Machine which is to keep the Water from preffing upon it, and plang’ in 
ater — 


} 


A Courfe of Experimental Phitofophy. 124 
Water (holding its upper part faft apainft the faid Machine) as many times its Annotat, 
ThicknefS as it is ‘{pecifically heavier than Water; we may then let go the Lect, VII. 
String, and it will be fuftain’d. If it go deeper, the Metal will be pufh’d up. ——w 
Thus a Piece of Gold will fwim, when its Surface is 19.x times deeper than 
its Thicknefs under the Surface of the Water, no Water coming to prefs above 
it. A Piece of Silver muft be ten times its own Thicknefs under Water: Copper 
9 times: Lead 11 times: Brafs 8 times, &c. 


6. [15.——1s an inclin’d Plane, which takes away from the abfolute Gra- Plate 11. 
vity of the Body, in proportion to its Inclination.) An ingenious Gentleman” “8° '?" 
rejected this Proof taken fromthe Confideration of the inclin’d Plane, (fee 
Plate11, Fig. 12.) faying, that the Water which fills the Tube TCD up to 
A B, prefics as much upon the Bafe C D, asthe Water EC DF, which fills 
the Tube in the oblique Pofition, not becaufe in the inclin’d Tube it bears 
upon the inclin’d Part F D, but becaufe the Tube, when inclin’d, holds no - 
more Water than when upright; for (fays he) ABCD and EFCD 
being Cylinders upon the fame Bafe C D, and between the fame Parallels 
A F, CG, muft be equal, and confequently contain the fame Quantity of Wa- 
ter. Now the Miftake confifts in this, that the Cylinders have not equal 
Bafes, tho? made of the fame Tube. For when thé Tube ftands upright in 
the Pofition TC D, its Bafe cut by an horizontal Plane, as CG, is circular ; 
but when the Tube is inclin’d, the Bafé C D changes toc d, and becomes 
oval, as well as the Se¢tion at top EF, and every horizontal Section of the 
Fube: fo that the Part of the Tube inclin’d between the Parallels A Fe fp: 
contains as much more Water than the Part of the Tube at A B and C D, as 
the oval Bafe cd has a greater Area than the circular BaféC D. Becaufe, tho’ 
the Breadth of the Section of the Tube remains the fame, its Length is chang’d 
from CD toc d. But the Excefs of Water in E F dc, is fuftain’d on ac- 
count of the Inclination of the Tube, by whofe inferior Semi-cylinder it is 
fupported. 


7. (———Water-works, &e. where I fall give Rules, and explain Phe- 
nomena.| The Condutt of Water in Pipes, efpecially from diftant Places, is 
worth our Confideration. Therefore we fhall here take notice of what Impe- 
diments often arife in Pra@tice, and fhew how to prevent or remedy thofe Im- 
pediments, The Ancients conducted Water in Pipes only down Hill, as we 
have before obferv’d, but never carried it up again, not knowing that Water 
would rife to its own Level. But we can condué Water to very great Di- 
ftanices, and bring it from one Mountain to another in Pipes that go down into 
the interjacent Valleys, and come up again, provided the Refervoir, or Place 
into which we bring the Water, be fomething. lower than the Spring or Pond 
from which it comes, and where our Pipes begin, The Water brought home 
would indeed fhew itfelf at the fame Level, but not run out ; and thro’ the fame 
Pipes'the Quantity of Water given will encreafe in proportion as the Receptacle 
is below the Spring, So that if you havea great deal of Water, and would 
bring it home into a’ Place buta little’ below the Level of the original Spring, 

R2 you 
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Annotat. you muft ufe very large Pipes; but the fame Quantity will be brought home 

Leé. VII. in fmaller Pipes, confequently at lefs Expence, if your Refervoir is much be- 

Ly low the original Level. If your Diftance be great, the Length of the Pipes 
will confiderably diminifh the Quantity of Water brought home, by their 
Friction, which cannot be prevented, but by having the Ptpes bigger, if the 
Water be in fuch quantity, and fo much wanted, as to make it worth the Ex- 
pence. Itried an Experiment in the Year 1718, at Cannons, (the Seat of his 
Grace the Duke of Chandos) upon a Leaden Pipe, whofe inward Diameter was 
1 {Inch ; and found, that at 1400 Yards Diftance from the Head of Water 
that fupplied it, it did not give a tenth Part of the Water that it would have 
given at 30 Yards from the Spring, at the fame Depth below the Surface. 
But the chief Impediment is from Air in the Pipes, by which the Water is faid _ 
to be Wind-bound, and by that means a Pipe of two or three Inches Bore will 
fometimes not give more Water than if it was but of one Inch Bore; that is, 
four times or nine times lefs. Put this Air may be difcharg’d, and the Pipes 
reliev’d, as we fhall fhew. 


Plate x1. Fig. 13. 


Plate rr. Let ABCD be the Spring, or ColleGtion of Springs, from which a Pipeis 
Fig. 13. to bring Water to the Delivery at E, fuppofea Mile, or half a Mile, from the 
Spring. Now we will fuppofe E to be buta little lower than D; for example, 
four or five Foot. If the Surface of the Water in the Spring comes down to the 
Mouth of the Pipe at D, or fometimes only near it, there will be a good deal 
of Air that will run down with the Water into the Pipe; and wherever the 
Ground rifes in the Condué of the Pipe, this Air will lodge itfelf_in the upper, 
Parts of the Pipe, asaomr, and thereby diminith the Water-way of the Pipe, : 
fo as to force the Water to pafs between oand n, a Paffage five or fix times lefs: 
(nay, fometimes ten times lefs) than the Pipe when free. Sometimes, tho? 
no Air fhould get into the Mouth at D, yet there will be thefe Lodgments of 
Air made at the firft running of the Water; for when the Water being come 
down from D to G rifes again to”, it runs over the Eminence at ma, without ~ 
carrying the Air before it, as it had done as far as a; but leaving it in the 
Space a orm, fills the Pipe again at r, and fo goes on till the next Eminence, 
where it runs over the loweft Part of the rifing Pipe, leaving a Space of Air at 
top, which pinches the Water, as at x, and then filling the Pipe full again | 
till its next rifing, where the Water is again pinch’d by the Air, &e, ined 
Tue way to clear the Pipe (which here we fuppofe of Lead) of this Air, 

is thus. Going from D alang the Pipe, when you come to the firft rifing 
Ground, caufe the Pipe to be laid bare at the higheft Place, as m, and there 
having driven a ten-penny Nail into the upper fide of the Pipe, fo as tomake 
an Hole thro’ it; while the Nail fticks in, hammer up the Lead-all round ° 
the Nail with the Pen of the Hammer, fo as to make a little Button; then © 
taking -out the Nail, the Air will blow out violently, till at laft the Water fuc- 
ceeds the Air, and then with a Stroke or two of the Face of the Hammer — 
that Hole will be quite ftopp’d up. Doing this at every Eminence of the 
Pipe, the whole Air will be difcharg’d, and the full Quantity of Water will 


be 
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be brought home at EF); and if the Mouth of the Pipe at D receives no Air Annotat. 
by the too great Defcent of the Water at A B, the Pipe may give its full Le&. VIL. 
Quantity for Years. ‘The way to have the whole Water deliver’d, is to meas Gem\—=—ed 
fure it, when the Pipe has been clear’d of Air as above-mention’d ; and when? ste. 
by meafure the Quantity of Water appears to be deficient, the Pipe mut again; © > 
be clear’d of Air. 

Ir the Spring ABC D be very much higher than the Place of Delivery at. 
E, the Places of Air in the Pipe will not be juft at the higheft Part of the 
Pipe, but a little beyond it; becaufe the Water running with more Velocity 
and Force, drives the lodg’d Air {till forward, as may be feenat op4q, the Air 
which otherwife would have beenats ; and therefore the Nail-hole mut be made 
beyond s, between gand g. Ifthe End E be ftopp’d for fome time, fo that 
the Water may ceafe to be in Motion, the Air will go back gradually to the 
higheft part of the Pipe, asappearsat uy w ¢, where it may be let out. Sup- 
pofe that the Water, inftead of coming from a Spring, be fore’d up its whole 
way from a Place much lower by an Engine, as F, and up the Conduit FG,. 
then the Places where the Air is contain’d will be beyond the Top of the 
Eminences of the Pipes, asat o pq; and then it will not be fufficient to prick. - 
the Pipe with a Nail; becaufe Air will be continually fore’d in with the. 
Water, and refill thofe Places in the Pipe from which the Air had been 
emptied, which often occafions the breaking of the Pipes, or at leaft gives too. 
{mall a Quantity of Water, and does damage to the Engine. In fuch a cafe. 
the following Contrivance muft be ufed. 


Plate 11. Fig. 14. 

Let ABD bethat Part of a Pipe of Condu& (commonly call’d a Main) Plate rx, 
coming from an Engine, which rifes over B. The Water puth’d along A DF'8: 14: 
fills the Pipe till it comes to d, and then runs tof, having its Surface at df, : 
the Aur filling the Cavity def, which Cavity willafterwards change its Place, | 
and go on towards D, the Point d going beyond e. But this will be prevented 
thus : Suppofe this Main to be pretty large, of 4 Inches Bore, (for example) 
if it be of Lead; and of 6, 7, 8, jor g Inches Bore, if it be of Wood. You. 
muft have a {mall Leaden Pipe, which in this cafe we calla Rider, laid over. 
the eminent Part of the Main, as d e f, of about 30 Foot in length, com- 
municating with the Main at the top of the Eminence, as at e, and 15 Foot 
nearer the Engine, as d, and alfo 15. Foot beyond the Eminence,.as at f, . 
with a little Branch and Cock C. Now if you open this Cock when the En- 
gine is working, as the Air is pufh’d forward it is catch’d at d, and difcharg’d 
by the Cock; or if it goes beyond it, is catch’d by the Pipe of Communica- 
tion ate, and alfodifcharg’d. When Water comes out at the Cock you muf 
fhut it, and conclude the Main to be full... But after fome time, the Cock - 

eing left fhut, Air will gather in the Eminence of the Main, and lodge be- 
yonde. Butif you return tothe Cock, and open it, the Air will come back 
to the Cock thro’ f, and bedifcharg’d. When Water is by an Engine fore’d 
up into a Ciftern, from which it is to run down again to the Refervoir, where 


itis wanted, (fee Fig. 13.) this will alfo be very neceflary, becaufe the Water 
in 
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Annotat. in the Ciftern fometimes fills up the Mouth of the Main, (or Mouths of the 
Leét. VII. Mains, if the Water is carried to feveral Places,) and fometimes not, whereby a 
cy good deal of Air goes down with the Water. We muft obferve, that in Leaden 


‘Plater. 
Fig. 15. 


Plate. 11. 


Fig. 16. 


or Iron Pipes of Conduct, the Difcharge of Air is abfolutely neceffary. In 
wooden Pipes the Air often paffes thro’ the Wood and efcapes; but if the 
Pipes are tight and thoroughly foak’d, the Air-Cocks and Riders are very 
neceflary : and in the running of Water from a rais’d Ciftern a Mile or 
two, fome Perfon fhou’d turn the Air-Cocks two or three times a day. 
Some Years ago two Friends and my felf contriv’d an Invention, which we 
call’d a Jack in the Box, whereby Air-Cocks would open and fout of themfelves, 
by the running of Water and Motion of the Air only. This Contrivance is 
defcrib’d in the Philofophical Tranfaétions, Numb. 393. 

Tue City of Edinburgh is wellfupplied with Water, which is conduéted 
from a Collection of Springs at Come/foune near three Miles, in a caft leaden 
Pipe of 4 Inches diameter, and fufficiently thick, v/z. about half an Inch 
thick in the loweft Places, and gradually thinner towards the Springs and 
towards the Delivery ; but thicker at the Delivery than the Springs, be- 
caufe the Delivery upon the Ca/le-Hill is confiderably lower than Comeftoune, 
which is juft level with the Cordon of the Half-Moon at the Caftle. I gave 
Directions in that Work, and had the pleafure to fee every thing fucceed, 
which I mention here; becaufe the Difcharge of Air was made at feveral E- 
minences ; and there is a Contrivance for difcharging the Pipes of it at the 
Springs and at the Delivery. 


Plate 11. Fig. 5. 


From the fmall Refervoirs at Comeffoune, where the Springs are collected, 
there-1s:a confiderable Declivity at firft, and a Rider is fix’d over the Pipe of 
Conduct. to: difcharge the Air at the firft going in of the Water. ABCD. 
(Fig. 15.) is the little Refervoir, and D is the Mouth of the Pipe into which 
the Water runs, which is not always wholly cover’d, fo that Air often goes 
in with the Water. But the. Rider a, b,c, d, communicating with the Main 
at b,¢, d, &e. brings back the Air in the Direétion d¢ 4B; contrary to that 
in which the Water runs down towards Edinburgh, as may be fenfibly felt 
when.the-Cock isopen, by holding the Hand’ at a. I do not mention the 
Air-Cocks: between Comeftoune and Edinburgh, having already’ defcribed the 
manner of them. But there is a long: Rider from the loweft Place‘ of the’ 
Pipes. at the Gra/s- Market, quite up to the Delivery at the .Caffle-Hill, of 
about. 100. Foot: in height, and 200 Yards in length, the Ufe of which ap- 
pear’d by the Experiment we made, which was in the following miainner. 


ExpERIMENT Plate 11. Fig. 16. i 

We fuppofe the Grafs- Market at AB, the Water running in the Di- 
rection ABD, the Delivery at D, the Rider to be EC, and: a Plag. at BO 
to open at any time for emptying and cleanfing the Pipes: Having fhut 
the Cock C, we caus’d the Plug B to be open’d ; whereupon‘ all the Water 
in the Pipe BD, reaching from the Grafs-Market to the Caftle-Hill, ran’ 
I down 
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down and emptied it felf at B. Then the Plug being fhut, the Time was Annotat. 
taken in which the Water came up to D, which was an Hour and a quarter. Le@. VII, 
After this, the Water being again let out at B, the Cock C was open’d, and toy 
the Plug fhut; and then the Time of the Water running up from B to C, 
was but 16 Minutes; the Air which had made the Obftruction before, 
coming out violently at C, 

NB. What f have faid bere, and the Example given, may ferve to inftruét any 
body im the Conduct of Water from one Place to another, whether by its naturat 
Fall, or driving it at length from an Engine. There is indeed a particulat 
Cafe which we fhould not omit; that is, that the Pipe of Conduét,. which 
carries Water from an Engine dire¢tly up into a Refervoir, fome Height | 
above it to ferve feveral People with Water, (as the Ciftern on the Top of 
the Tower at London Bridge) fhou’d not be of Lead, unlefs extremely thick, 
fo as to be much too expenfive, as we fhall now explain. 


Plate 12. Fig. 1. 


Let AVD be a Leaden Pipe coming from an Engine below A, wherePiate 12. 
the Water comes up in the Direction A VD, to difcharge itfelf at D. At Fig. 1. 
every Stroke or Pufh from the Engine, the Water raifes the Valve V, and 
when the Valve fhuts again, the Water falling with it, gives a Blow againft 
all the Sides of the Pipe by its lateral Preffure in a Direction perpendicular’ 
tothe Sides, with the Weight of a Pillar of Water, whofe Bafe is the Se@ion 
of the Pipe at the Place of the Stroke, and Height the whole Height of the 
Water above that Place, ftriking with the fame Velocity that the Valve falls, . 
Ifthe firft Stroke of this Water makes the Lead fwell outwards but the 
rooth Part of am Inch, the Lead having no Elafticity, will remain in that 
Pofition, and‘ not’ fhrink. back: Then fuppofe the next Stroke fwells the 
Lead outwards the rooth Part of an Inch more, the Lead of the Pipe will 
be a little wider, and remain fo: The next Stroke will ftill make it wider, 
and fo'on for many Strokes, till at laft the Pipes fo widen’d and Lead be- 
eome fo thin, that 1t muft break. And-you muft confider here, that as after 
every Stroke the Pipe is wider; as for Example, the Section cd is greater 
than: the Section a, and the Seétion fe is greater than the Section’c d, the 
Force of the Water ftriking (which, as we have already faid, is equal to the 
Weight’ of Water, whofe Bafe is the Section at the Place of the Stroke where 
the Pipe yields, and Height the Height of the Water above the faid Place,) 
will be greater every time than other, and the fooner burft the Pipe. An 
Iton Pipe therefore is beft to be ufed, which, tho’ it were in it felf as weak - 
as the Lead, will not be liable to remain widen’d (tho? each Stroke fhould 
make it yield) but return again to its own Dimenfion after every Stroke. The 
fame will happen in Pipes of Wood, becaufe Wood is elaftick: I have feen 
many fwellings of the kind above-mention’d in Conduct-Pipes of Lead, which 
have been chang’d on that account for Pipes of Wood or Iron 5 or, if con- 
tinued of Lead, made -much thicker and more coftly, than otherwife wou’d 
have been required.. 
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Prafical Rules for Jets d’Kau, or Spouting Fountains for Gardens. 


NB. I once thought to have given here Monf. Marriotte’s Rules for 
Jets; but when I confider’d that my Reader in fome Cafes muft be ata great 
deal of trouble to make his Tables ufetul, by reducing the French.Meafures 
both.of Length and Capacity to the Englifh, therefore 1 have chofen to give 
Tables calculated from my own Experiments and Obfervations: for tho” up- 
on. trying his. Experiments, I found moft of them to anfwer, yet as to the 
Expence of Water running out of any Veffel or Receptacle, or {pouting in a 
Fountain, I have generally found it lefs than what he gives. But for the 
Deficiency in the Height of the Jet, from the Height of the Refervoirs, we 
exactly agree. 

A cubic Foot of River or Pond-Water weighs 62,4996 Pounds Aver- 
dupoids; inftead of which we will reckon 624% Pounds, becaufe the Water 
of fome Springs is heavier than Rain- Water, or River or Pond-Water. 

Ir there be fix’d to a Spring, to the fide of a Pond fed with Springs, or 


to the Side-Bank of a River, a Board cut with a fquare Notch in it, one 


may by meafuring the Breadth and Depth of that Notch know what Quan- 
tity of Water is given in an Hour from any of thofe Places, in the following 
manner. ; 

Flavinc made an Experiment (and often repeated it) of Water running 
thro’ a fquare Inch Hole, the Surface of the Water being 25 Inches above 
the Center of the faid Hole, and kept to that Height; the Water running 
out in an Hour appear’d to be 5,2 Tons, or 5 Tons 50, Gallons, This 
Experiment (according to the Propofition N° 18. Experiment, 19, of this 
Lecture) is a Foundation for a Table, fhowing how much Water will be 
given thro’ a Square vertical Hole of an Inch, from 25 Inches under the 
Surface. As alfo how much will be given by a fquare Notch an Inch: wide, 
from 1 Inch to 25 Inches deep; and when the Notch is wider than an Inch, 
you muft multiply the Quantity of Water that a Notch of fuch a Depth in 
the Table gives, by the Breadth of the Notch in your Board. 

NB. If the fhalloweft Notch be 14 Inch deep, we call it but an Inch, be- 
caufe thro’ fuch a Notch (if the Board be 2 Inches thick, as it fhould be) 
the Water falls fo much as it comes over the Board, that at the Edge of it, | 
it is only 1 #nch thick, tho’ the Surface of the Water at fome diftance, to 
whofe Preflure muft be attributed the Velocity of the iffuing Water, is half 
an Inch above, or 1 Inch above the Center of the Water coming out of the 
Notch. There muft be fo much fall from the Spring, Pond or River, that 
the Water coming out firft, may not be a ftop to that which follows it, 
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Annotat. 
ATABLE of the Expence of Water thro an Inch Jquare Hole, and thro eTaw VIL 


Cut an Inch wide, and of different Depths. 


Expence of Water thro’an Expence of Water thro’ a 
Hole of a Square Inch at Notch of different Depths, 
Inches below different Depths, according according to the Numbers 
the Surface. to the Number of Inchesin of Inches in the firft Co- 
the firft Column. Jumn. 


Tons in an Hour. 


1 ——— 1,04 Tr 1,04 
2 ——— 1,46 — 2,50 
3 iw, wieve UT TT ee 4rd 
4 ————-2,08 6,37 
5 ——————-2, 3 I—_-—_—____-—~ 8,68 
6. —————253 —-11,21 
Y Gab WO COA ant CR aT to tin 29) 
8 ————-2,92- ____—_—__—_— 16, 87 
9 Rete nme FO, 1.9 
10———____——— 3,28 Pn 29-7 


D1 344-2 5,81 
ore | SATS BURL TT 29939 
| | OR TRESTICITRECYS Ber Nira ae CEE 
14-3, 88 ——_—— 36,91 
15 ——————— 3,95 — 40,86 
16——__——-—__ 4, 16 ——_-_____-4 5,02 


0 SS Serr Papa Tar EY et 49530 
18 ——___~———4,40 Lethe pet aOR? 
See eect ath ia or ee Wigiw rae" 
20———_——- 4, 62 —_—__—____-—.62 84 
BS Oia ee 
2 2——_—__—_____.4 87 smn (20.7 | 
Bava ahisohs Visite GAlnwe IE ER Cee aE 
24—<—<$<—$—$__—--———- £06 : 82,47 
25-——_—-—— 5,2 or —87,67 


5 Tons and 
50, 4. Gallons. 


Where the Notch is very wide, as in Cafcades, the Water does not fall fo 
much, and therefore one may reckon for every Inch 1 Ton an Hour fora 
round Number; tho’ when the Surface of the Water at the Place where 
it falls is but + of an Inch below the Surface of the Refervoir, the real Quan- 
tity is but 0,82 ofa Ton in an Hour. 

B y this means we fhall know how much Water we have to fupply our 
Jets ; and now we muft know what is the Expence of the Water fpouted 
Qut at our Jets, in order to know how long we can play them, and of what 

m ae Bignefs 


ei dine 
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Annotat.. Bignefs to make them, We know by repeated Experiments, that Water 
Leé&, VIL coming down perpendicularly out of a Veffelruns out in a greater Quantity 
Saye than if it came out horizontally thro’ the fame Hole; and if it fpouted up- 

wards, the Expence of Water will be ftill lefs. Therefore in its proper Place 
we fhall give a Table ufeful for this Purpofe. But firft we'll thew the 
Reafon why vertical Jets do not rife fo high as the Refervoirs that fupply 
them, which is the Reafon that they give lefs Water than if they went to the 
full Height. ! 

Tuere are four Caufes why Jets do not fpout up quite to the Heights of 
their Refervoirs.. The firft Caufe is, that as all the Particles of Water that 
form the Column of a Jet fet out with the fame Velocity, and that Velocity 
is continually diminifhing, the Water that comes after ftrikes againft that 
which goes before, and (becaufe Fluids pufh every way) the Column is 
widen’d by fuch an Impulfe, and confequently fhorten’d. This would be an 
Hindrance to the Height, tho’ the Jet were to fpout iz vacuo. The fecond 
Caufe is, that the Water which is at the Top of the Jet does not immediately 
run off, but makes a kind of a Ball at the Top of the Jet, whofeghigicht, 
while it remains there, hinders the Jet from rifing fo high as it would do. 
This may be remedied by inclining the Jet a little ; for then it will rife higher, 
but be lefs beautiful. , 

Tue third Caufe is the Friction againft the Sides of the Hole of the Aju- 
tage, (or {pouting Pipe) which will makea fmall Jet rife to a lefs Height than 
a larger from the fame Refervoir. This may be remedied by encreafing the 
fpouting Holes in proportion to the Height of the fpouting Water; provided 
always, thatthe Holes are not made too wide for the Pipe of Conduét, but the 
Rules given in that Cafe are obferv’d. 

Tue fourth Caufe, which is the Air’s Refiftance, cannot be remov’d ; but 
we always know what it is, viz. the Air makes a Refiftance in proportion to 
the Square of the Velocity with which the Water of the Jets of different 
Heights ftrikes it. Thus ifa Jet of five Foot high has loft one Inch in Height 
coming froma Refervoir of five Foot and one Inch high, a Jet produc’d from 
a Refervoir of 14 Foot four Inches, will rife.but 10 Foot, lofing four Inches 
in Height, becaufe as it ftrikes the Air with a double Velocity, it meets with. 
a Refiftance as the Square of that Velocity ; that is, four times as great. 

Here follow two Tables, the firft fhewing by what Heights of Refervoirs 
Jets of a determinate Height muft be produced: and the other. fhews what 
Jets will be produc’d by Refervoirs of a determinate Height. 


A TABLE of the different Heights of Fets. 


Height of the Fets, Height of the Refervoirs.. 
Feet; Feet. Inches... - 
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Fleight of the Fets. Fleight of ibe Refervoirs. Annotat. 
Feet. Feet, Inches. Le&. VI. 
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The next is a Table fhewing in Feet and Decimals of a Foot to what Heights 
Jets will tifé from an Height of five Feet to 150 Feet, 
A TABLE 6f the Heights of Fets productd by Refervoirs of 
all Fleights between 5 and 150 Feet. | 


Height |JetFeet| Ref. | Jets, | Ref. | Jets, Ref. | Jets, | Ref. | Jets, Feet 
of Ref. | atidDe-| Feet.| Feet | Feet.| Feet | Feet.| Feet | Feet. and 
_ in Feet. | cimals. and and and 1oths. 
| 16ths, Toths, toths. 
5 | 4591} 26 {24,06 47 141,31] 68 157,12} 89] 71,81 
© | §:88}.27 }24,92) 48 |42,09] 69 |57,84! go 72548 
7 6,84 | 28 {25578} 49 |42,87| 70 58,56) or] 73515 
8 7,80| 29 |.26,63} 50 143,65] 71 | 59,28 92} 73,82 
9 | 8:74) 30 |27.48}.51 144.42) 72: |60 | 93) 74,49 
10 9368] 91 , 28,32] 52 45519] 73 [60,71] 94 75516 
TI | 10,62 | 32 [29,16] 53 145,96) 74 |61,421 95] 75,83 
T2 111,55) 33 130 | 54 146,72) 75 |62,13| 96) 76,49 
TZ [12,48 34 | 30,83) 55 147,481 76 162,84] 97] 77,15 
14 113,40] 35 | 31,03] 56 | 48,24! 77 | 63,541 98] 77,81 
15 | 14531] 36 | 32,47] 57 |48,99| 78 164,24] 99] 78,47 
16 115,221 37 133,291 58 149,74] 79 |64,94| 100] 79,12 
17 16,13; 38 | 34,11] 59 50,491 80 | 65,64] 110 85,58 
18 117,03] 39 |34,93| 60 |51,24| 81 |66,33| 120 91,86 
TQ 117593] 49 135374] 61 | 51,99} 82 |67,021130| 97,99 
20 118,82) 41 | 36,55| 62 | 52,73| 83 167,71] 140 103,97 
21 | 19270] 42 137,35] 63 153,47| 84 | 68,40] 150| 107,87 
22 | 20,58! 43 | 38,14] 64 [54,20] 85 | 69508 
23 | 21,46) 44 [38,93] 65 |54,93| 86 | 69,76 
24 122533145 139275| 66 |55,66| 87 | 70,47 
25 123,201 46 140,53] 67 156,39] 88 | 71,14 
S 2 SINCE 
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Annotat. Since the Expence of Water from, the fame Height of Refervoir thro’ 

Lett. VII. Holes of different Bores, is as the Square of their Diameters, the following 

weap—y Table was calculated from Experiments and that Principle. The Experi- 
ment was of an Hole of a round Inch, difcharging a little more than 80 
Quarts per Minute under an Height of 25 Inches, 


Height of the Refervoir 8 Foot 4 Inches. 


Diameters of the Ajutages Quarts run out in one 
in Inches and Parts of Minute. 
an Inch. 
- enereenteoemcnsnenens 2 oJ 
1 
: 10 
bf 
: 40 
ee 90 vs 
L 160 
13 360 
2 ———— 640 


NB. If you would find the Expence of Water from Jets of greater 
Heights, only encreafe the Quantity given here in Proportion to the fquare 
Roots of the Heights. 


As the Jets do not run out horizontally here, the Quantity of Water’ is 
fomething too great for perpendicular Jets ; therefore as the Quantity is to 
be diminifh’d, we may take the Expence of Water, not according to the 
{quare Roots of the Heights of the Refervoirs, but according to the Square 
Roots of the Heights of the Jets. We have therefore calculated the follow-. 
ing Table after that manner, fhewing in the firft Column the Heights of the 
Refervoirs; in the fecond Column the Heights of the Jets produced by 
thofe Refervoirs ; and in the third the Expence of Water in a Minute thro” 
an Ajutage of 4 Inch in Quarts and Decimals of Quarts. 
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ATABLE of the Expence of Water in one Minute, from Referveirs of 


different Heights thro? an Ajutage of a quarter of an Inch Diameter. 
Refervoir’s Heights The Height of Jets in Feet Expence of Water in Quarts 
in Feet. and Decimals. and Decimals. 

wee 4,9! ee ete eet os P 
Ore 5,88 — TERR OF GG i . 8,3 
7 —————- 6,84 ——_—-——— 60 
8 7,80 ——_—__——- 9,6 
ees 8,74 Br ayant Pega OC ES 

10 9,68 eee nieite LOS 7 

II 10,62 —__— 11,2 

12 11,55 ——_———11,7 

13 12,48 ——-- 12,2 

14 13,40 ——_—+_——-12,68 

15 14,31 pani titers at P| 

16 1520 P64 

17 I 6, 13 er ne eens We 

18 17,03 ————_——- 14,26 

19 17,93 ee eee et | 

20 18,82 —I5. 
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N-ow,. fince a perpendicular Jet of Water holds more than an upright cy- 


lindrick Pipe of a Diameter equal to the Ajutage, and as high as the Jet, 


it is certain thatthe Expence of the Water here is fomething too little: there- - 


fore thofe who wou’d be nice, muft take a Mean between the Expence of 
Water given by this Table, and that given by the laft. 


Iw order to bring the Water to our Jets, fo that they may play to the ut- 
moft Height which they are capable of, we are to confider what: Diameter 
we muft give to our Conduct Pipes in proportion to the Ajutage thro’ 


which we are to play our Jet. As for the beft way to conduct Water in ge- 
neral, we have already {poken of it. | 
IF we find (as we really do) that a Conduct-Pipe of 12 Inch Diameter 


from a Refervoir, whofe Height is 5Foot, fupplies a Jet of 2 Inch Ajutage, . 


fo that it {pouts to its full Height; we are not to imagine that it will fup- 
ply Water enough to play a Jet from a Refervoir 10 Foot high to make it 
rife its full Height, tho’ thro’ the fame Ajutage ; becaufe asthe Water of the 


Jet rifes with more Velocity and in greater Quantity, the Water of the Pipe - 


of Conduct muft have Room to follow to fupply that Expence of Water 


fully, otherwife there will be a Friction in the Pipe, which will retard the Sup- - 
ply of the Jet: and much lefs will itdo it, if the Ajutage be ofa wider Bore, - 


. 


as it fhou’d be in an-higher Jet. To fet this right, here follows 
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Lect. VIL. A: TABLE of the 


Height of the 
Refervoirs. 


5 Feet 
10 
15-—— 
20 
25 
ae 
40 
50 
60 
80—— 

100—— 


Diameter of the Ajutages. 


+ or half an Inch, or 3. 
= or.» Inch. 

Half an Inch. 
Half an Inch. 
Half an Inch. ———— 
Half or 2 of an Inch. 

2 of an Inch. 

4 of an Inch. 

An Inch, 
An Inch and Quarter,—————. 
An Inch and Quarter, or 14 Inch.— 


Re SE Se OR eee 


ee SS Se eS 


SEED 
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Diameter of the Pipes of Conduét and the different Ajutages, 
according tu the Height of the Refervoirs. eat) 


Diameter of the Pipes. 


1 Inch and 3 Quarters, 
2 Inches, 

2+ Inches. 

2+. Inches. 

23. Inches. 

3 Inches, or 3. 
4+ Inches. 

5 Inches. 

54 or 6 Inches. 
64 or 7 Inches. 
7 or 8 Inches. 


Here we fuppofe the Refervoir to be pretty near the Jet, as not above 100 
or 150 Yards from. it.;. but when the Conduct-Pipe is very long, it muft be 


encreafed in Diameter. 
to anfwer very well. 


I have found by Practice the following Proportions 
For Jets from + of an Inch diameter to thofe of an 


Inch and a quarter, and from an Height from 40 Foot to about go, if the 
Diftance be from 150 Yards to a quarter of a Mile, the Pipe of Conduct will 
do well if itbe of 6 Inches Diameter: from a quarter of a Mile to 2 Miles, 
it muft be of 7 Inches Diameter : and/from 2. Miles to 5 Miles, the Pipe 


amuft be of 8 Inches Diameter for the fame Jets. 
-’ TF you would keep 6 Jets of 3 of an Inch con 


ftantly, playing, having Wa 


ter enough to do it, you muft confider.what wou’d-be the Diameter: of an 
Ajutage giving as much Water asall the 6, Multiply 9 Quarters Square of 4 by 
Six, which will give you 54, of which the fquare Root is 7,3 quarters; or near 
Inch and Z for the Diameter of an ‘Ajutage, of equal Contents with the fix Ae 


jutages of 3 of an Inch each. 


Then take for-your Conduct.a Pipe of 7 times 


the Diameter of the Ajutages which) will. be of 13 Inches, wherewith you:muft 
bring down the Water from your Refervoir: The) when you. come to divide 
it into the fix Pipes leading to the feveral, Jets, let thofe Pipes be each of 6 
Inches Diameter, the better to. avoid,.the Friction, tho’ fix Pipes.of 5 Inches 
anda quarter wou’d) carry all the Water brought down by a 13 Inch: Pipe. 
Such a Pipe as this fhou’d moft properly be made: of caft Iron in lengths 6f 
12 or 15 Foot, with Flanches to be fcrew’d- together with Lead betweén. 
The thicknefs of thefe Pipes need. not.be above + of an Inch in the thins 
neft Place. for even. 150°Foot in depth but. the Founders will hardly caft 
them under an Inch thick. ‘Thofe Perfons who-have large: Elm-Timber up- 
on their Eftates may make ufe of that, ufing two Conduct Pipes of 9} Inches. 


Bore, inftead of the 13 Inch Pipe, to which they will be equivalent. 


Lead | 
would 


4 
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would be too expenfive, as it wou’d requirea great Thicknefs for the Rea- Annotat, 
fons given above, } ; . Lect. Vit. 

In ufing Elm Pipes you muft always take care that they he bor’d in the -——\—— 

Heart of the Wood, and that the Heart be of fuficient Thicknefs about the’ 

Bore of the Pipe. As for example, the Pipes that lie from 80 to 140 Feet’ 
_ under the Surface of the Water in the Refervoir, muft have the Heart of Elm 

three Inches'thick after it is bor’d; for which fort of Pipe'a Tree muft be 

made ufe of,’no lefs than r8 Inches thick in the {malleft Part: for a Depth 

from 60 to 8c Feet, the Heart muft be 2 + Inches thick, which a Tree of .7 

Inches Diameter will fupply : for a Depth from 30 to 60 Feet, the Heart 

muft be 2 Inches thick, which ‘a Tree of 16 Inches Diameter will fupply : 

and for any: Height under 30 Feet, the Heart need be but 1 4 Inch thick, 

for which a Tree of 14 Inches will fuffice. From thefe Proportions you may 

know how thick the Heart of Elm fhould be for Pipes of lefs Bore at the fame 

Depth, taking it thinner in proportion to the Squares of the Diameters of the - 

Bores, the Reafon of which will be fhewn. Thus a Pipe of 4 2 Inches Bore 

ata Depth of 100 Feet, need have the Heart but 2 of an Inch thick ; be- 

caufe, as 81, the Square of g: isto 20 + the Square of a Bore of 1 Wetiee 4 13.% C, 

three Inches : to 3. of an Inch. Elm Pipes, fuch as I have defcrib’d, will laft 

20 or 30 Years. When the Water is brought to the Bafon, where the Jet is 

toplay, the Pipes muft be of Lead, that there may be no occafion for taking 

them up again upon any Accident. There are caft Pipes of Lead ; and Pipes 

turn’d up of tough Lead, and burn’d together in the Seam long-wife, and alfo 

burn’d together with Lead in the Joints as they are laid in the Field, inftead 

of foldering, which is much cheaper, Leaden Pipes may be turn’d up of any 

Bignefs ; but I have not known Pipes caft of more than 4 Inches Bore: but 
_unlefs the caft Pipes are very found, they are much. worfe than turn’d up. 
Pipes. I would not advife the ufing of caft Pipes of more than 2 + Inches 

Bore ; but there muft be a good deal of Care taken in making the turn’d up 

Pipes, that they may be very round. The Thicknefs of Leaden Pipes is 

as follows: A ieven Inch Pipe from 140 to 80 Feet below the Refervoir, 
-muft be of an Inch thick; from 80 to 60 Feet, half an Inch and half a 
Quarter thick; from 60 to 30 Feet, half an Inch thick ; and from 30 to the 
 Refervoir; 4 of an Inch. For Pipes of 4 Inches Diameter, half an Inch will 

do froma Depth of 200 Feet to 100; from 100 to 40 Feet Depth, 3 of an” 

Inch; and from 40 to the Refervoir, 4 of an Inch in Thicknel. All the 
_ Thickneffes here given are fufficient, as having been tried; but if any 

Perfon would exaély know what Height of Water a Pipe of any Bore 


and Thicknefs will {uftain without burfting, it may be try’d in the following 
“Manner, 7 | 


Plate 12, Fig. 2. 
_ Taxe a Piece two or three Feet in length of the Pipe whofe Strength you 
would know-; as, for example, the Pipe A B C, bent up at B, above the Level 
Of AC, and turn’d upateach End, asAandC. Atthe End A let there be a 
Serew folder’d, that the Syringe or Forcer S may be ferew’d to it, fo as 
to 


rrr 
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Annotat. to draw out Water from the Veffel V to force it into the Pipe. At the End C 

1 eét. VII. muft be cemented on aconick Brafs Valve D, whofe lower End muft be juft 

t\——~! an Inch Diameter, and from whofe upper Part the Wire or Shank D E muft 
rife perpendicularly to receive the Weights f, g, 4, i, &, &c. to be put on 
upon the Valve. Then force in Water into the Pipe, and as the Weights are 
lifted off of the Valve, lay on more till the Pipe burfts, which it will do at B, 
the Place where the Airs condens’d, if it be no thicker in that Part than the 
reft of the Pipe. To find by the Weights on the Valve, what Height o 
Water the Pipe will bear, you muft confider what follows. | 

Tuirty-six cylindrick Inches, or the Water contain’d in an upright Pipe 
ofan Inch Diameter, and one Yard high, muft be reckon’d 116, Weight 
Averdupoids ; becaufe tho’ Rain-water is between a goth and a soth Part 
lighter, we may well allow that Difference for the Impregnation of Water 
from Minerals, or its Foulnefs upon many accounts. If the Pipe be but an 
Inch Diameter, one Pound muft be reckon’d for every Yard in Heights; but 
if the Bore be greater, the Square of the Diameter of the Pipe muft be: multi- 
plied by as many Pounds as there are Yards in the Height requir’d. Thus if 
a Pipe be fix Inches in Diameter, and 30 Feet in Height ; fquare the Dia- 
meter, which is 36, and multiply that Number by 10, the Yards in Height, 
and you will have 360 Pounds for the Weight of the Water in the Pipe, by 
which it. endeavours to break at Bottom. In the Experiment therefore if the 
Valve bears but ib. (for example) before it breaks, you muft not think that 
an Height of Water of nine Yards would break it, unlefs the Pipe was but 
an Inch in Diameter: but if it be of a bigger Bore, as, for example, of three 
Inches, you muft multiply the Square of that Number by nine, which will 
give you 81, the Number of Yards in Height requir’d for the Water to break 
fuch a Pipe. Then you muft take a Quarter from that Number, to know 
what Height of Water the Pipe will fuftain in Practice without Danger, which 
will be 60 Yards. | 

In the loweft place of the Pipe of Conduct there fhould bea Plug to drive 
out, or a Cock, whofe Water-way muft be equal to that of the Pipe, to let 
out the whole Water upon occafion, in order to cleanfe the Pipes. All the 
Cocks in the Pipe of Conduct muft have their Water-way equal to the Pipe, 
otherwife they'll check the Jets, and therefore the Pipes muft be made wider 
where the Cocks are put in, in order to receive the Shank of the Cocks. 

Ir by often playing your Jets the Water in the Refervoir comes down 
within a Foot of, or nearer to, the Mouth of the defcending Pipe, the Water 
will make a Funnel, whofe Infide is only Air, and not go out in fufficient 
Quantity ; therefore in thofe Cafes the Pipe muft be made like a Funnel open- 
ing two or three times wider at the Mouth, and not come to its true Bore, till 
it has defcended two or three Feet. There is indeed a Cafe, where we may 
make ufe of a Cock, whofe Bore is a great deal lefs than that of the Pipe of 
Conduct, without any Prejudice to the Supply from the Refervoir, (that is, 
without any Diminution of its Quantity) and that is, when the Jets fupplied 
by the Refervoir open much below, and at a great Diftance from it; provided 
this Cock be but a little below the Bottom of the Refervoir.: The Reafon of 

this 
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this we fhall fhew, when we {peak of Water running out from the Bottom of Annotat. 
Vefiels. Inthe mean time this Confideration may be very ufeful in Practice, Lect. VII. 
efpecially where the Pipe or Pipes of Conduét are very large, as of feven, ——\—— 
eight, or nine Inches Diameter ; in which a Brafs Cock of the Diameter of 

the Pipes might coft 50 or 60 Pounds: whereas a Cock of a much les Dia- 

meter not cofting above 10 or 12 Pounds, will give all the Water that the Jets 

will require, or a long Pipe of Condu& will fupply. But fuch Cocks mut not 

be ufed in the lower Parts of the Conduct, or near the Jets, as I have already 

hinted, nor muft the Condu€t have angular Elbows, or be contraéted any 

where into a fmaller Bore. 

Tuo’ the Water is retarded in paffing thro’a {maller Bore, one would not 
imagine that it fhould be retarded in pafling thro’ a larger Bore; but yet it is 
true. It isindeed certain, and it may be deduc’d from what we have demon- 
ftrated, that every Seétion of a Pipe of Conduét is equally prefs’d by the 
Column of Water above it, be the Pipe containing that Column of Water wide 
or narrow, or of any Shape whatever; but then this is only true, when the 
whole Water is at reft. 

In the running of the Water, where the Condué is larger than any where 
elfe, it is plain that that larger Part contains in itfelf a Cylinder or Pipe lefs 
than itfelf, and of the Bore of the reft of the Conduct; and therefore that the 
Water will run as eafily at leaft, if not more eafily, thro’ a Pipe made of 
Water, as thro’ a Pipe of the fame Bore, made of Wood, Tron, Copper or 
Lead, &c. and that there muft be no more Friéion to hinder the running 
Water, (nay lefs) than if the containing Water was frozen. There would in- 
deed be no more Friction in a Pipe of Ice, than in one of Wood, or Iron, €&e. 

But when the containing Water is not frozen, it makes a Retardation in 
Proportion to its Quantity ; becaufe it muft be put into Motion by the Water’ 
that comes thro’ it, as long as it remains fluid. . 

Just by the Ajutage where the Pipes of Condué& turn up, they muft not Plate 12. 
rife at right Angles, as at } din the third Figure of Plate 12. but bend up in Fig. 3, 4 5. 
a Curve, as at B, C, Fig: 4. and tho’ we are not to diminith the Diameter of 
the Pipe of Conduét, as fome ignorant Plumbers do, but carty it on to the 
Ajutage ; yet.in very high and large Jets, we may within a few Inches of the 
Ajutage narrow it by Steps,rass at (By sky- Cy D> Bein Fig, 5. to break off 
the impetuous Blow that the Water will give at the Beginning of the Play of 
the Jet. . 

For our Ajutages, we muft not ufecylindrick or conick {pouting Pipes, fuch 
as are ufed, and are neceflary, in Engines to put out accidental Fires; but the 
Water muft fpout thro? a fmooth Hole in a Plate on the Top of the Cap which 
we put on at the rifing End of the Pipe of Condu&. This Plate need not be 
above .'. of an Inch thicl for a Jet not exceeding 20 Feet in Height : +) ofan 
Inch from 20 to 35 Feet; from 35°to 50 Feet, <2, of an Inch ; from 50 to 66; 
z>3 from 65 to 80, +63 and from 80 to 150, +53 that is, .a fhort cylindrick 
Pipe under an Inch in length will be fufficient. N.B. Here we f{uppofe the 
Pipe of Condu& not to exceed five Inches in Diameter; but if it be more, 

emikhiw iq 3 Las wales the 
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Annotat.. the Thicknefs of the faid Plate muft be encreas’d in proportion to the 


Le&t. VI. 


Plate 12. 


Diameter. 
Ir at any time we want to. encreafe the Bignefs of our Jets, upon which: 
account we muft enlarge our Pipes of Conduct, or to have them play from an: 


higher Referyoir, or both ; we muft .confider inwhat Proportion to encreafe — 


the Thicknefs. of our Pipes, efpecially if they be of Metal, for example, of 
Lead. If we double the Diameter of the Pipe, we muft double the Thick- 
nefs of the Lead, to enable it to bear the quadruple Preflure which the 
Water will then give, We muft alfo double the Thicknefs for double the 
Height : and for double the Height, and double the Diameter, muft quadra- 
ple the Thicknefs. 

Brsipts all this, the Pipes muft be laid fo deep in the Ground, as to be: 
out of the reach of Froft in Winter: and if that.can’t be done, every hard 
Froft the Water muft be all let out of the Pipes by the opening at the loweft 
Place. 

Brrore you make the feveral Caps to {crew on to the End of the Condué: 
Pipe for your Ajutages, you may try the Beauty of Jets of different Bores, 
thro? different. Thicknefles of Plates, by the following Machine, which I con- 
triv’d for that Purpofe, 


Plate. 12..fig. @. 
Tur Machine ABCD, confifts of a Brafs Plate A’D three Inches 


Fig. 6,7,8;9 {quare, and near 4 of an Inch thick, with an Hole of an Inch and ~ in its 


Middle at. E, and a female Screw under, to ferew it faft to the End of the 
Conduct Pipe. At.twoof the Ends of this Plate is a {quare Gibbet of Brafs, 
G Band HC, thro’ the Top. of which comes down a Screw at S, lifting up, 
or deprefling, a narrow Brafs Plate, (fuch as is reprefented by Fig. 7.) riveted 
to its Bottom at P, fo as to pinch, and hold faft any thing under it. Then 
another Brafs Plate, as RR; (Fig. 8.) fix Inches long, two Inches’ wide, 
and {t of an Inch thick, with three or four f{mooth. Holes in it, one of one 
Inch, another of 2 anInch, and a third of } of an Inch Diameter, Gc. is to be 
flipp’d in under P and P, fo that one of its Holes may lie over the Hole Ez 
then preffing it down tight by means of the Screws S S, you may: let your Jets 


play fucceflively thro’ any of the Holes, to fee which Jet you like beft ; and 


make your Ajutage Caps accordingly. N.B. You may ‘have feveral of thefe 
Plates, of different Thicknefles, and different Sizes of Holes, with a Leather 
Ung each of them. The ninth Figure reprefents this Machine’ feen end- 
wile. 


Ir we compare the Tables of Page 130, and 131, fhewing how much the 


Heights of Jets fall fhort of the Heights of Refervoirs, with Experiments 


made with the Machine of Plate 10. Fig. 3. whofe Height is about two Foot, 
we hall find the Height of the Jets made by this Machine to fall very fhort 
of the Height proportionable to the Heights in the Table ; but the only Rea- 
fon of this Difference is the Smallnefs of the Ajutage.;' for if the Diameter of 
it be lefs than the Diameter of a Drop of Water, the Attraction of Cohefion, — 
which is able to hold. Water together to the Bignefs of a Drop,. will extend itfelf 

crofs | 


i 
| 
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crofs the Hole, fo as to act ftrongly againft the Force which is pufhing the Annotat. 
Water upwards, and thereby diminifh the Height of the Jet. For when it is Lect. VIL. 
+ of an Inch Diameter, (and a Drop of Water is under —2, of an Inch in Dia- beet ited 
meter) then the Jet will only be hinder’d by the Fridtion of the Sides of the | 
Hole, and rife to the Height mention’d in the Table. Therefore in all Jets, 
whofe Diameter is under =, of an Inch, we muft expect the Height to be 
much diminifh’d upon this account. i 

One may fatisfy one’s felf of the Truth of the Tables of the Expence of 
Water, Page 129, and Page 133, with a fmall Quantity of Water, ‘by the fol- 
lowing Experiment, which I found to agree with thofe made upon greater 
Quantities in Ponds and Rivers. 


Plate 12. Fig. 10. 


A CG isa Tin Veffel two Feet long, 10 Inches wide, and 13 Inches deep, Plate 2. 
with a long fquare Hole in its Side L, one Inch deep, and three Inches long, Fig. to. 
whofe Bottom is one Inch and an half below the upper Edge of the Veffel. 
Oppofite to this Hole is fix’d an horizontal Plate, about three Inches {quare, 
at P. Inthe fore-part there is an Hole two Inches {quare at H; whofe Top is 
level with the Bottom of the Hole L. In the Infide of the Front C H, be- 
hind H, are two Grooves not feen here, for a Brafs Plate to flide in with an 
Hole of any Size, to reduce the Opening at H to what you will. Nine 
Tenths of an Inch below the Top of the fquare Hole at H, is drawn on the 
outfide the Line F G, to direét one to place the Center of the Hole of the 

-fliding Plate always at the fame Level, and °, of an Inch below the Plate, at 
which the Surface of the Water will always: be in’ the Experiment. I is a 
fquare Veffel to receive the Water expended, and B isa Barrel, or any Veffel 
big enough to fupply it, at leaft fora Minute. DE is a perpendicular Plate 
going down within four Inches of the Bottom of the Veffel, to hinder the 
Water coming out at B from making Waves towards P, but with many Holes 
in it, not to check the coming of the Water forward. Having flidin a Plate 
behind H, witha round Hole ofan Inch Diameter, and brought its Center to 
the Line FG, make the Edges of this Plate tight with a Cement of Turpen- 
tine and Bees-Wax, that the Water may only come out at the Hole. Then 
whilft you hold your Hand againft the Hole at H to ftop it, let fomebody fill 
the Veffel up to the lower Part of the Hole L, at which time the Water will 
jaft wet the upper Part of the Plate P, which fhews the true Height of the 
Surface of the Water, (becaufe on the Sides of a Veflel the Water rifes higher 
than its true Surface.) Then unftop the Hole H juft in the fame Inftant as 
another Perfon unftops the Hole at B, while a third takes the Time of the Wa- 
ter running into the Veffel I, which mnft be fuddenly remow’d'at ‘the End of 
one Minute, and you will find in it juft 13 Quarts, which an Inch round Hole, 
whofe Center is 2, of an Inch under the Surface, has afforded ; which is at 
the rate of one Ton an Hour. if you make ufe ofa Plate with an Hole of 
half an Inch Diameter, the Water running out will be three Quarts, and 3a 
Pint in a Minute, according to the Square of the Diameter of the Hole. If 


you make ufe of a Plate with an Hole of 4 of an Inch, the Quantity of Water 
awa ex pended 
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Annotat. expended fhould, according to the above-mention’d Proportions, be 1 Pint 
Le&. VII and & in a Minute; but it will hardly be 1 Pint and 3, becaufe the Friction 
L—\-—" is proportionably greater in {mall Holes than great ones, in regard to the 
Quantity of Water ; this laft being as the Squares of the Diameters, whilft 
that is as the Circumferences, or as the Diameters of the Holes. Here Care 
mutt be taken to have the Center of each Hole in the fame Line FG 5 for if 
we fhould place the fmaller Holes with their Tops at the fame Height as the 
Top of the great Hole, we fhould have ftill lefs Water from {mall Holes, 
not only in proportion as the Squares of the Diameters are lefs, but alfo in pro- 
portion as the {quare Roots of the Height of the Surface of the Water above 
the Centers of the Holes are lefs ; befides the Friction already taken notice of. 
Plate1z. Thusin fig. 11. if you confider the Top of the three Holes B, D, F, of am 
Pig. 11. Inch, 4 an Inch, and + of an Jnch in the Line L L, the Holes D, and F, will 
lofe of the Quantity of Water they fhould give according to the Squares of their 
Diameters, in proportion.as the fquare Roots of the Heights C D and E F are 
lefs than the fquare Root of the Height AB. AB =0,9 Inch, CD = 0,65, 
Inch, E F = 0,525 Inch: their Roots are 33 2554, and 2,29: Therefore as 
3: is to 2,54 :: fois 6 + Pints: (the Water that D would give, if its Center 
was as low as B) to the Quantity it will give, when its Height is only CD: 
That is, 5,3 Pints, (diminifhing ftill more upon account of a greater Friction) 
five Pints anda quarter.. Thus alfo will the Hole F, inftead of one Pint and. 
54, give but one Pint and 3. 

Acatin; if we make the Experiment with a large and a {mall Hole, (as: 
with an Inch Hole, and one of + Inch Diameter) with their Center only 2; of 
mate 12. an Inch below the Surface of the Water, fee Fig. 12; then the great Hole 
Fig.12. will give lefs Water than in proportion to the Square of its Diameter; be- 
caufe the Surface of the Water over the great Hole will fall near + of an 
Inch, on account of the great Wafte thro’ fuch an Hole, whilft the Water 
~ over the little Hole keeps its Height, without any fenfible Diminution : and 
this does the fame as if the Center of the great Hole was only -%, of an Inch 
under the Surface, whilft the Center of the little Hole is ftill fix Inches. 

below it. ‘ 
I rorcor to give.a neceflary Caution relating to the Bafons in which the 
Jets play ; which is, that we muft always have it in our power to clean the 
End of the Pipe of Condu& from any Foulnefs that might difturb the Jet.. 
Platexz. If the Bafon, as ABCD, Fig. 13. be pav’d with Brick or Stone, and the 
Big. 13. Condué Pipe, as E F G, be brought on upon the Bottom, juft at the loweft 
Part of the Bend,, there mutt be the fhort horizontal Pipe F H, to be open’d 
at any time at H, in order to cleanfe the Pipe FE from any thing that fhould 
come into it accidentally. But if the Bafon be not pav7d, (as is the cafe in 
great Bafons) and the Pipe of Conduct coming below E. M,,. the Level of the 
Ground, runs under the Bottom of the Bafon, asat LK; befides the {pouting 
End that turns up to K G, the Pipe of Conduct muft be continued horizon- 
tally to the farther Side of the Bafon at L, where it muft end in a Pit, as. 
LM, where it may at any time be open’d and cleans’d, | 


WHEN. 
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-. WueEN Water is brought into a Refervoir, either by an Engine, or from Annotat. 

Springs, to fupply the feveral Inhabitants with Water 5 that every Tenant Led. VII. 
may have a Quantity of Water in proportion to what he pays fer it, itis ne- ——~ 
ceflary the Water fhould be fo exaétly diftributed, that each fhould have what 
he agrees for ; or that if there fhould be a general want of Water, each one 
fhould lofe in proportion to the Quantity that belongs to him. To perform 
this exactly, there muft be made a Gauge-Veffel fquare, (for example, four 
Feet {quare) and about one Foot deep, fupplied from the Refervoir with a 
Pipe, having a Cock with a floating Ball fitted to the Leaver that moves the 
Key of the Cock, fo that it may fhut of itfelf when the Gange is full, and open 
of itfelf to fupply it when there is a want, that there be no Wafte of Water 
at anytime. In the fore-part of this Gauge-Veffel muft be fix’d Plates of 
Brafs with fquare Holes in them, each Hole one Inch deep, but of different 
Breadths, according to the Water that each is to fupply. They muft not be 
too near one another, (at leaft fix Inches from each other) that the Efflux at 
the greater Holes may not hinder the fmaller Holes from giving their full 
Quantity. The Surface of the Water, when there is no Deficiency, will al- 
ways be kept at the fame Level, which muft be 5+, of an Inch above the Top 
of the Holes: then the Hole, whofe Breadth as well as Depth is an Inch,. 
will give one Fon per Hour; that of half an Inch in Breadth, (the Depth 
always remaining the fame) halfa Ton; that of + of an Inch in Breadth, + of 
a Ton, Gc. fee Fig. 14. Now if the Springs, or the Engine, do not fupply Plate 12, 
Water enough to the Refervoir to keep up the Water to the Height deter. Fig. '4- 
min’d above the Holes, each Hole will give lefs in proportion to that Defi- 
ciency of Height, which would not happen were the Holes round, for which 
reafon fquare Holes are preferable. Ifa Tenant, as, for example, a Brewer, 
who ufes much Water, takes the whole Quantity afforded. by an Inch Hole, 
that is, 48 Htogfheads in 12 Hours, he muit receive itina Pipe of at leaft two 
Inches Diameter ; and there muft be fix’d tothe Gauge-Veffel, at the Circle 
CD, a taper Pipe, fuch as cd, to deliver all the Water coming thro’ the 
{quare Inch Hole into the Pipe or Main that is to convey it away. The fame 
may be done proportionably for the other fquare Holes. If the Water 
coming out at an Inch Hole be too much for one Perfon, the Spout cd may 
have three {mall Ends to be ftopp’d with Cocks, open’d alternately into three 
Mains, ferving each of them four Hours fucceflively. It would be tedious to 
be more particular, or to fay that when Tenants are lefs exatt in their Quantity 
of Water, one Main fupply’d by one fquare Hole, with fmall Branch Pipes: 
upon it, might ferve a whole Street. 

8. [21.—+the Atmofphere.| The Atmofphere is made up of an Infinity of 
different Particles, fome elaftick and fome not elaftick, others fulphureous,. 
faline, watery, terreftrial, which all {wim in this Fluid in great plenty, and 
will never become Particles of permanent elaftick Air. Elaftick Air confifts 
of Parts endow’d with a repellent Force in refpect of each other,. and which. 
do not touch: one another *, (as long as the Air remains in its elaftick State). 

whereby 


* When awe come to fpeak of the Refiftance of Fluids, we fhall mention the Experiments ewherely 
we fond that the Particles.of Air do not touch one another, 


ny 


5 eal 


142 A Courfe of Experimental Plilofophy. 


Annotat. whereby they forma Fluid of perfe& Elafticity: This Fluid is alfo very 


: 


Lect. VIl- electrical *, and is the Vehicle of Sound, which moves in it the more freely 


awn~y-—~d the more unmix’d the Air is. 
* See the Dif- 
fertation a- 


boar Rleeri3 op! [22. Surface of the Earth 1s not fenjitly heated. In Summertime 


city at the When the Ground is heated, the Air is rarefied by that Heat, fo as to lift up 


End of L.X.the Air above: it by expanding it felf, which it does in proportion to the 
Nature of the Soil, as it is apt to refle& the Heat which it receives from the 
Rays of the Sun to a greater or a lefs Height: and then the coldeft Region 
of the Air will not be next to the Ground as it is in Winter, but at fome 
height above, as we find it is upon the top of Mountains ; and thereabouts, 
‘(or alittle lower) will the Air be denfeft. .So that if the 14th Fig, of 
Plate1z. Plate 12. .reprefents the Section of a Column of Air in Winter, whofe fe- 
Fig.14,and yeral Parts 1, 2, 3,4, 5, 6, €@c. are equal in Contents, but uneqal in Bulk 


a5. and Denfity; the 15th Figure will reprefent the fame Column of Air in| 


Summer, when the Part 1 dilated by Heat, will lift up all the other Parts 
above it, and then the denfeft Part of the Column which was before at the 
Bottom under 1, will now be betwixt 1 and 2. Hence it follows, that if the 
Barometer ftands at the fame Height at any time in Summer as it did in 
Winter, the Column of Air which contains the fame quantity of that Fluid, 
muft be higher in Summer than Winter: And it is confirmed by the follow- 
ing Obfervation. When it is fettled fair Weather in Fune and Fuly, the 
Quickfilver in the Barometer always falls a little at 10, 11, or 12 at Night, 
but rifes again about 3 or 4 or 5 in the Morning 5 becaufe when the fuperiour 
Air has been lifted up by the Expanfion of the heated Air below, it fpreads 
and falls off every way, which‘diminifhes the quantity of Air in the perpendi- 
cular Column prefling on the Mercury in the Barometer; but when the 
Ground cools, the Air below condenfes again, and the fuperiour Air falling 
makes a kind of Pit at Top of the Atmofphere, which being fil’d by the 
adjacent Air, increafes the Column, and makes the Mercury rife again. 
Plate 12. Ir there be a Curve and Afymptote, Fig. 16. comlo, whofe Ordinates 
Fig. 16,17) 9 m, 0—a, o—b, 0o—c, o—d, Se. -reprefent the Denfity of the Air in 
Winter, reckoning from the Ground upwards; the Curve muft turn again 


towards the Afymptote coming down to the Earth, that the Ordinates may re-_ 


prefent the Denfity of the Air in Summer: that is, if om, Fig. 17. repre- 
fents the Denfity of the Air at the coldeft Region (fuppofe at top of a Moun-- 
tain) o—a will reprefent it lower, o—2 ftill lower, and o—c at the Bottom, 
or in the Valley. / 


10. [23. Air whofe Eiafticity is perfect when it is pure Air, Sc.) 1 
call that Air pure, which after it has been rarefied by Heat, or condenfed 
by Cold; (rarefied by the removal of the ambient, or of the fuperiour Air, 
or condenfed by Preflure from the Accumulation of the fuperiour Air, of 


any other way) upon the Removal of thofe accidental Circumftances, returns 


to its former Tenor or Denfity. Thus Air, that has been condenfed ina 
Wind-Gun, will keep all its Force, tho’ it be fhut.up for Years, It has been 
; found 


4 
~ 
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found at7 Years end, nay after 16 Years, to have all the Force it had the Annotat. 
firft Day it was condens’d, and to be capable of dilating it felf to the fame Lect. VII 
Dimenfions that it had before it was driven into the Gun. But if we confider —“v"—’. 
things ftri¢tly, there isno Air wholly unchangeable ; becaufe acid and fulphu- 

reous Vapours will (as it were) abforb it, and changeit from an elaftick into 

a fix’d State, as we fhall fhew when we come to treat fully of the Nature of 

the Air; what we have now faid being fufficient for our prefent Purpofe. 


11. [24.——The Air is of the fame Dehfity at the fame Level, unlefs where 
it is accidentally heated or ccel’d.| Upon chalky and fandy Shores, the Soil 
being heated, rarefies the Air by its warm Refle&ion in fuch manner, that 
it is thinner than the neighbouring Air over the Sea; but by help of its 
Heat it has Force enough to keep the colder Air in equilibrio, nay and fome- 
times to drive it away, fo as to make a Wind towards the Sea eall’d a Land- 
Breeze in the Day-time: but at Night, when the Shore being no longer 
heated by the Sun, the Air over it, ceafing to be dilated, returns to its former 
Denfity, whilit the Air from the Sea rufhing in, makes the Sea-breeze. 


a2. [25. This will fucceed whether the Cock be open or fout.| Becaufe 
when the Cock is fhut, the Air included in the Receiver, as it is of the fame 
ftrength as the outward Air, pufhes the Bladder as ftrongly into the Cup- 
ping-Glafs, whofe Air is now much thinner, as the outward pafling thro? 
the Cock wou’d have done. There is only a very fmall Difference owing to 
this, viz. that the Air in the Receiver when the Cock is fhut, cannot pufh 
the Bladder towards the Cupping-Glafs without expanding it felf a little, 
whereby it becomes @ little weaker than if the Cock was open ; but as'the 
Encreafe of Space of the Air of the Receiver is but very fmall in Proportion 


to its whole Contents, the Decreafe of its Spring to weaken it, is almoft in- 
fenfible. 


LECTURE 
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{y EvsCQooPon®loe Raw Pa nay. 


HypDrRosTATTICKs. 


Veffel of Liquor, and the other hanging out of the faid Vef- 


Lect. VIII. 1- SyPHon isa bended Pipe, one end of which being put intoa 
eae 


Plate 13. 
Fig. 1. 


* Ann, 1. 


fel over another Veffel, the Liquor will run from the firft 
into the laft after the Air has been fuck’d out of the external, which Jis 
the lower End of the Syphon, and that.as long as the Liquor in the 
upper Veflel is above the upper Orifice of the Syphon. 


EXPERIMENT 1. Plate 13. Fig. t. | 

HDS is a Syphon, whofe two Parts HD, DS are cali’d its Legs; and 
by its Operation the Water is drawn out of the upper Vefiel ABCD 
into the lower 25. When you have fuck’d out the Air at S, the Wa- 
ter follows coming in at H, going in the Direction HGDS, and ont 
at S, as long as the Surface EF is above IH, the Level of the Mouth 
of the driving Leg of the Syphon. NB. We call driving Leg, that in 
which the Water goes up; and ifluing Leg, that thro’ which it goes down, 
and fo out. But we can properly call thort Leg of the Syphon, only that 
Part of the driving Leg, which is above the Water in the upper Veffel, 


from which the Water 1s drawn, as the Part DG; becaufe tho’ the Orifice 
or Mouth of the Syphon zs at H much lower than I, yet the Columns of 


Water contain’d between the Surface E¥, and the imaginary Surface 
TH at the Level of H, do keep in equilibrio the Column of Water GH 
in the lower part of the driving Leg DH, for which Reajon it operates 
only as if the Orifice was at G.* 


2. Now the Caufe of the Syphon’s running is this, The Air which 
prefies into the Veffel A BCD, reprefented by the Column K L, fuftains the 
Column of Water L D inthe fhort Leg of the Syphon, preffing againft that 
Air with its perpendicular Height DF, whilft the Column of Air MS pref- 
fing upwards againft the Hole of the /ong or z/fuing Leg D (which atts ac- 
cording to the Height DC) mutt yield and fuffer the Water to run out 
as long as the Leg DS is longer (or rather higher in Perpendicular) than 


yg 
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DG. For fince K and M are fuppos’d at top of the Atmofphere, the Le@. VIII. 
Columns K L and MS are equal in Height and Preffure, (for the Height of \7VWNy 
L above S is of no account in an Height of about 60 Miles) as long as MS me 3. 
is acted upon by the defcending Water D S, whofe Height is from DtoS, ~ 
(fuppofe of 15 Inches) an Height fuperior to that of the Column DG, 
(fuppofe of feven Inches) fupported by the Column of Air K L, the Co- 
lumn M S mutt yield to the Water iffuing out at § : and however the Sur- 
face of the Water EF defcends, the Column K L, by its Preffure, will 
always overcome the Refiftance of the Column M S, becaufe it has a le 
Height of Water to fuftain than MS has. Ifthe Mouth of the iffuing 
Leg had been at T, the Water would hang iz Aguthibrio, filling both 
Legs of the Syphon, when the Water is come down in the upper Vefiel 
tol] H T, becaufe then the two Columns of Air K L and M § will be 
acted againft by an equal Height of Water in the Legs of the Syphon ; 
but if then you raife the ifluing End of the Syphon, (now fuppos’d at T) 
up to the Level of « V above 1H, the Waiter will run back up from V to_ 
D, and fo out at Hin the upper Veffel ; becaufe then the Column M §, 
having only the Height V D to fuftain, will be aéted againft with lef 
Force than the Column K L, which is prefs’d againft by the whole 
Height D H fuperior to VD. tt By 


3. Since the Preffure of the Air * is the Caufe of the Water being * Ann. z. 
pufh’d up into the Syphon, and the Difference of its Preffure (as one 
Column is acted againft by the Water in the fhort Leg more weakly than 
another Column of Air is acted upon by the Water in the long Leg) is the 
Caufe of its running continually from one Veflel into another, when once - 
fet a going ; it follows, that the Bend D of the upper Part of the Syphon 
muft not be above 32 Feet higher than the Water in the upper Veffel, 
becaufe the Air cannot fuftain a Column of Water, whofe Height exceeds 
32 Feet. If therefore there was a Crane or Syphon ACE DB, Fig. 2. 
of about 40 Feet high, reckoning from A.to E, with Cocks A and B at 
its lower Ends, and an Hole at top E, to be flopp’d with a Cork upon 
occafion, there might be made the following | 


ExPERIMENT 2. Plete 13. Fig. 2. 
WarTenr being pour’d into the Veffels A and B; let the Cocks A and Plate 13. 
B be fhut: then with a Funnel pouring in Water at E, till both Legs of Fig: 2- 
the Syphon are full, ftop up the Hole E; and open the two Cocks at once. 
The Water, inftead of running from the Veffel A into the Veffel B, 
which it would do if the Height C A’ was much under 32 Feet, will in 
the two Legs fall back to C and D 32‘Fect above-A'and B, where it will’ 
Mea U : hang," 
| Eel 
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Ic. VIN. hang, the Air not being able to fuftain the Water above thofe Heights, 

tae and confequently to drive it up over the Bend E. Nay, unlefs the — 

Fig. » Water be pure’d of Air before the Experiment, the Top of the Water at 

- Cand. D will not be quite 30 Feet above the Water in the Veffels A 

and B, becaufe. Air will extricate idfelf out of the Water, and getting 

into the Cavity C ED, prefsa little on the Top of the Water at C and’ 

D, fo that its Height will be lefS to balance the Prefiure of the At- 
mofphere. 


* Ann. 2. 4. Mercury will runin a Syphon ia the fame manner as Water ; 
but only the Bend of the Syphon muft not be more than 30 Inches and _ 
#. above the flagnant Mercury in the upper Veffel * ; becaufe as it is- 
near 14, times fpecifieally heavier than Water, it will be lifted up by the 
Preffure of the Air but the 14th Part of the Height that Water is lifted, 


5. To prove further, that a different Prefiure againft the Orifices of 
the unequal Legs of a Syphon is the Caufe of.a Liquor running thro” 
that Inftrument from an higher into a lower Veflel, we may make 
ufe of any other Fluid, (lighter than the Fluid to be brought over) in-_ 
ftead of Air, and leave the Bend of the Syphon open to the Air, as. in 
the following 


Ex PERIMENT 3. Plate 13. Fig. 3. | 
Plate 13. ABC Disapretty large Glafs Jar, witha litthe Water (ting’d: red to - 
Fig. 3. make the Experiment confpicuous) in its Bottom to the Height of an 
Inch, asat E F. Ona Stand between F and G im the great Jar, there 
is placed a little Jar G H KJ, almoft full of the faid red Water. Let. 
down the Syphon S L MG (open at S$, M, and G) into the Vefiel, fo 
that the End Sof the long Leg ftands in the Water at Bottom of the 
creat Jar ; and G, the End of the fhort Leg, in thelittle Jar at the Bot- 
tom of its Water. Pour in Oil of Turpentine into the great Jar upto - 
L,, fo that the Water in the little Jar may alfo be cover'd with it, and 
the Water wiil firft rife up in both Legs of the Syphon, fo as. to meet: at - 
the Bend at L; then it will run out of the little Jar into the great one, 
thro’ the Syphon in the Direction G HL 8, as long as there is any Water 
ux the little Jar above G. Which proves what we have aferted. 


6: Wuen a Syphon is inverted, as AC DE, (Fig. 4.) the long Leg 
A C becomes the driving Leg, and the fhort Leg D E becomes the 
iffaing Leg; then ifa Veffel, as VW, keeps the Syphon fupplied with 
Water atits upper End A, the Water will fpout out at the lower End = ) 

and 


eo 
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and rife up to G, (an Height proportional to the Height of A above E) Leé&. VIL. 


provided the Hole at E be contracted fo much, that the Syphon may “~~ 


fupply it folly, becoming a proper Ajutage for the Conduct A C D E, 


according to the Rules for Jets given in our laft LeGQure*. The V elocity * L. 7. Ann. 
of the Water fscuting out at E will be proportionable to the fGuare Root 5° vot 130 
of AB, the Height of the Surface of the Water at L L above / /, the 

Level of the Ajutage. But tho’ this be true, when the Water has fpouted Plate 13. 
fome time ; yet at firft the Water begins to fpout with a much lef& Ve- E iB: 42.5, and 


locity ; as, for example, rifing only to F, then by degrees encreafing 
its Velocity, till at laftit comes up toG, to which Height it continses to 
rife, as long as the Syphon is {upplied. This is owing to the Depth of 
the Body of Water in the driving Leg, and the iffuing Leg below the 
Line//, level of E, which muft be put into an uniform Motion, before 
the Jet has acquir’d its full Velocity: fo that if the Part of the Syphon be- 
low // goes down to a great Depth, the Velocity of the tifing Water 
will be the lefs at firft, till E D has receiv’d its proper Motion. So that if 
there be feveral fuch Syphons as we have defcrib’d, with their upper Ori- 
_ ficesat LL, level of A, and their lower Orifices at]. level of E, but 

with their bended Parts BC D E going down to different Depths below 
FB, the Water at its firft {pouting will rife higher from that which has 
E D, the thorteft, going to the leaft Depth below / /: See Figure s. 
where EF goes higher than. EF in Fig. 4. and fig.6. where E D 
being of no Height, EF, the Jet, goes tothe full Height at firtt, Mon: 
Belidor, ian his Architecture Hydreulique, was the firft who took notié 
of this, other Hydraulic Writers having only confider’d the utmott Height 
ofa Jet, which is according to the fquare Roots of the Height of A above 
_E, (for this Syphoa and Veffel is the fame asa Refervoir and its Conduét- 
Pipe) and took no notice of the Reafon’ why Jets do not rife to their ut- 
moit Height, for fome time afier a Cock is open’d to play them. 

Nions. Belidor’s Rule to find out the Velocity of EF, the Water frit 
{pouting, is this, u/z. EF isas the Root of the driving Leg A C, minus 
the Root of the iffuing Leg DE, or 4A C++ ./ ED. Whereas the 
Velocity of E G, only confider’d hitherto, is as the Root of the driving 
and iffuing Leg, or as \/ AC-— D &} This may not only be found 
by Calculation, but prov’d by Experiment. 


ExpERIMENT 4. Plate 13..Fig. 4, 5, and 6. 
Let VW (Fig. 4.) bea Refervoir, from which the Pipe of Condu&é 
AB defcends to a Depth of 25 Feet, and rifes again'at D E toan Height 


of nine Feet: if the Finger, or any_other Stop (after the ‘Cock, not re- 
Ura prefented 
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Leé&t. VIII. prefented here, is open) be held at E, and then fuddenly taken off, the 
erase Water will fpout at firft but to F, 7,6 Feet high, and rife by degrees, till _ 
Fig. 5,6. it comes at laft toG == 15,2 Feet... In, Peg. 5,,.let:A C) be 20 seem 

high, and D E, 4: the Water E F will rife at firft 9,4 Feet, and at laft 
EG 15,2 Feet, as before. But in fig. 6. the defcesding Pipe be but 
16 Feet deep, B C and D E being then of no Height, (the Ajutage E 
being always underftood to be at the fame Level) the Waiter E F at its 
firft {pouting will rife to its utmoft Height, wz, 15,2 Feet. The Cal- 
culation for Fig. 4. is this, AC —DE: /AC—V/DE:: 


EG:EF; that is, /25—Q==V7 16=> 2S 2h if Sas 
= 3 se 2:2: 15,2:7,6. The Calculation for BY. Be neon C a: 
DE= 4, is as follows, 
LW AC —iD By YAO 7 DIES EGYEYT ; “that ie 
J 20 — Ba Jf 16 = 4: Sf 20— VS 4 (= 4,47 — 2) 12 15,27 9,4. 
As for Fig. 6. both Expreffions give the fame 15,2, becauie B D 
or C D are equal to nothing. 
N. B. Tus Experiment cannot be try’d in Models of an Inch toa 
Foot, becaufe unlefs the Ajutage be nearly of a quarter of an Inch Dia- 
meter, the Jets will not rife proportionably, by reafon of the Attraction 
of Cohefion on the Circumference of the Hole, as. we have fhewn in 
Leéture7. Note 7. Page 138. 
Tuis Confideration of Monf. Belidor’s is of great ufe in making of 
Pumps, but we fhall not {peak of the Application of it, till the Nature of 
Pumps has been explain’d ; therefore we mutt refer the Reader to the Notes 
* Ann. 3. upon that Subject *; and return to a further Examination of Syphons, 


7. InsTEAD Of hanging a Syphon over the Side of a Vefiel, it may 
‘be adapted to a Cup, fo that the fhort Leg being in the Cup, the long 
Leg may go down thro’ the Bottom of the Cup; fee Fig..7. on which 
may be made the following , 


EXPERIMENT 5. Plate 13, Fag.-7. 


Plate 13. Tue Syphon DS being fix’d to the Cup E F, pour Water into it as 
Eig. 7. high as EF, and the Cup will hold Water ; but if you pour Water up 
to G H, above the Bend of the Syphon D, the Water will begin to run 
out thro’ the zfuing Leg at.S, going up the driving Leg at A, till the 
whole Water is run out of the Cup. Where you are to obferve, that 
-whilft the Water.is above D, the bent Pipe is not a Syphon, but a wa/ie 
Pipe, of the fame Ufe as if it had only an Hole at D, thro’ which: the 
Water came down.;, becaufe the driving Pipe A.D being fill'd. only by 


oy 
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the Preflure of the Columns of Water between G H, and the Level of Lea. VII. 
A, can only be call’d the Jhort Leg of the Syphon, when the Water Sv 
being fallen below D, the Air begins to prefs, and raife up the Water Fig 7, 8. 
into A D. If a double Pipe, as P, open at Bottom, and clofe at Top, 
whole inner Pipe is open at both Ends, be fix’d to a Cup, inftead of the 
Syphon A D S, it will perform the fame Office as the Syphon ; for upon 
filling the Cup, the Water will be pufh’d into the oreat Pipe between the 
two Pipes at oo, till) when it comes to the Top, it runs down the {mall 
or inner Pipe, firft asa wa/fe Pipe, then as a Syphon. The eighth Fi- 
gure fhews fuch a Pipe fix’d in a Cup, as A B, where the Water’s Sure 
face being at SS, the Water at Bottom runs up into the double Pipe at 
gouptoPs, then down the little Pipe at Q., and out at R, under the 
Foot of the Cup; the Interftice of the Pipes being inftead of the drivirg 
Leg of the Syphon. sat 
A Cup of this fort js commonly call’d a Tantalus Cup, becaufe an Plate 13. 
Image,.reprefenting Tantalus in the F able, is fix’d up in the middle of HB 9 oo 
the Cup, to hide the double Pipe; and thcn when the Water is fill’d up to: 
the Breaft of the Figure, the Cup will hold without fpilling ; but as foon as 
i alld up tothe Chin of Tantalus, (which is above P pin Fig. g.) the 
Water will begin to run thro” the Syphon, conceal’d by the Figure, till: 
‘the Cup is quite emptied, in the manner explain’d before. See Fig. 8. 
SOMETIMES the Tanta/us Cup is made without a Figure fix'd in it, 
asin Fig. 11. where the Water being up at SS, the Cup does not run ; 
but as foon as the Figure, or an Apple, or Orange, S¢, is thrown in,. 
the Water begins to run out at the Foot of the Cup, and does not ceafe 
till the whole Cup is. empty. This happens, becaufe the Bulk of the 
Body thrown into the Cup raifes the Water's Surface from S S to BC, 
where being above the upper End S$ of the Pipe S P, ccnceal’d in the 
Handle, (which thereby is made a Syphon) the Water wh'ch is ccme 
into the Handle at O runs into the middle Pipe at S, and {o out at P, 
under the Foot, as long as there isany Water above O. 

“THERE are fome Syphons, thro’ which the Water will ran out of a 
Veffel, without fucking the Air out of them, or making them in the 
manner of a wafte Pipe, as we have juft defcrib’d. But thofe muaft be 
aade of capillary Tubes, whofe Bore mutt not be bigger than 3 of an 
Inch, and as foon as they are put intoa Veffel of Water,. (as Ts $, Fig. 

10.) they will begin torun, and fo continue as long as there is any Water 
above the driving Leg, This happens becaufe the Attraction of Cohe- 
fion, which makes Water rife up in fmall Tubes, draws the Water from 
the Surface V to W in the Syphon ; where being lower than the Surface 
of the Water in the Veffel, it muft run down; becauf the “eg te of 
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Le&. VIII. Water W Sis longer or higher than the Column $ V; and the Air puth- 


Pirate 13 


Fig. 10. 


* Ann. 2. 


Plate 13. 


Fig. 13+ 


ing down at V muft overcome the Refiftance of the Air pufhing: up- 
wards at S. For the fame reafon a piece of Lift of Cloath A D will 
make the Water come out of the Veffel, and fall down in Drops at ©, 
as this piece of Cloath is in effect a Bundle of capillary Syphons made by 
its Interftices. But if the Surface of the Water in the Veficl was at ¢ A, 
the Syphon being put in would not run out, bat only rife in the Syphen 
up toe f, the Height to which a Tube of that Bore’ would raile the 
Water by the Attraction of Cohefion. When the Veilel is fall, this Exe 
periment will fucceed 72 vacuo *. 


8. In the Year 1724, I attempted to account for the rifing and falling 
of the Water of fome Ponds near the Sea, or ebbing and dowing Rivers; 
where the Water is loweft in the Pond, at the time of high Water in the 
Sea or River; and the Water is higheft in the Pond, at the time of low 
Water in the Sea or River : As alfo for the increafing or decreafing of the 
Waterof fach Pools and Brooks as are higheft in the dry Seafons, and loweft © 


“in the rainy Seafons, And this I did by fuppofing fome Ponds to have an 


Tiflue at Bottom into the Earth, which rifing again under Ground up- 
almoft to the Level of the Top of the Pond, fhould defcend below the 

Bottom of the Pond; becaufe fuch Cavities, however irregular, if tight, 

would do the Office ofa Syphon. For this reafon I call’d fuch a Ponda 

Tantalus, and an hidden Tantalus a fabterraneous Cavity, holding Water, 

and having fuch an Exit, which is as likely as an horizontal Paffage. To 

uluftrate this, I made fome Experiments. 


“Experiment 6. Plate 13. Fig.13. . . 

In the Veffel a 4c d is placed an open wooden Box ABC D All’d with 
Water as high as the Line L M,. Another Box or Plug EF GH made 
ti¢ht, and containing Weights to fink it, is made to let down into the 
Water between the Partition I K, and the End AB of the Box above- 
mention’d ; but when it is not to prefs the Water up to IO, (as it does 
when let down) it is drawn out of the Water by the Weight m, which 
pulls it up by the Barz & faften’d toa Lever moving round the.Center /. 

Wuen by means of the Plug, the Water in the Space A B-KI is 
puth’d up tol O, by paffing under K; it runs out thro’ the Spout P Qs, 
(whole Paffage is gaged by a little Sluice Pp) and falls into the Vefiel 
RS made of an oblong Figure like a Fifh-Pond, and.having a Syphon 
at S,-fo as to make it a Tantalus, or in the Naturé of the Cups above- 

nention’d, Let the Weight m_ pull up the Plug E F G H, and the 
Water, having fll’d RS, willrun down below the Orifice P to M. 
THE 


any 
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Tue Tantalus R S, beginning to run out as foon as full, will, for the Le&. VIII. 
Reafons above given, continue to run till it is all emptied’: and as it dift ae 
charges itfelf into another Tantalus T V, (whofe Syphon is at V) this Fie. #8. , 
latt Tantalus will alfo, when full, begin to run out, and its Water go 
down to x Y o. 

Ir the Plug be let down gradually, as foon as the Water begins to run 
out of the laft Zantalvs T V, (and the firft Tantalus RS be cover’d { 
as to be conceal’d from Sight) it will appear to the Lookers on, that the 
Cavity T V, reprefenting a Pond near an ebbing and flowing River, (as F° 
am credibly inform’d there is fuch an one at Greenbive in Kent, be- 
tween London and Gravefnd) always rifes, whilft the Water at N O: 
€or the Tide) falls to L M; and always finks whilft the Water at L M 
(orthe Tide) rifes to O L, . 


EXPERIMENT 7. Plate 13. Pig. 12, 

g- Ler the Water in the Box ABCD not be made ufe of 3 only Plate 13. 
the Vetfel Z be fill’d every half Hour : it will empty itfelf in the {pace 8: '* 
of a quarter of an Hour, falling like Rain, and dropping alfo thro’ the 
leaden Platform e finto the hidden Tantalus RS, which will not begin 
torun till this artificial Rain is over: then in a quarter of an Hour more, 
the Tantalus RS will have emptied itfelf into the vifible Tantalus 'T V,,. 
which will be filling alf the time after Z% has done ranning, (or in the 
dry Seafon ;) and as foon as TV is full, it will begin to run out thro’ its 
Syphon V, at the end of the half Hour, when the Veffel Z, or Sieve,, 
runs again; that is, at the return of the rainy Seafon., 

Tuts lat Experiment may be eafily applied to thofe Ponds, or thofe 
Brooks, that are high in dry Weather, and low in wet Weather; of. 
Which kind, I am told, there is a Brook at Lambourn in Rerkfhire.. 


ro. Ir it be objected, that fuch Ponds are fall for fome time, which 
a Tantalus cannot be, becaufe it begins to run as foon as full; that may” 
be eafily folv'’d, by fuppofing the hidden Tantalus (or intermediate Ca-. 
vity between the River and Pond). to contain more Water than the vie 
fible one, provided it does not contain fo much as not to be emptied be-- 
fore the Return.of the Tide. 
Tie fame Solution will ferve for wet and dry Seafons, only fuppofing: 
the Cavities larger, | | 
Ip it be asked, where the Water of the vifitle Tantalus, near a River,, 
can run; it may be anfwer’d, that all. this may happen, if the fecond, 
or loweft Tantalus, has its Bottom higher than Low-Water Mark in the 
River, And for-the Syphons which are-of a particular Make in’ the Cup 3, 
aa Sth? 


15> 
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Plate 13. 
Fig. 13. 
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tho’ fuch be not fuppos’d in the Earth, yet any long Paflage rifing in the 


See Fiz. 13. where AB C D reprefents 


the Channel of a River, A D High-Water Mark, and G H Low- Water: 
Mark ; Z Ta Paflage from the River to the Cavity 1 K LM N, or firft, 


or hidden Tantalus ; LM 


Q the Syphon of the firft Tantalus, renning’ — 


into the fecond Tantalus, or vifible. Pond O Q.R P, which by its Sy- 
phon R S$ V Puns out into low Grounds, that may be above the Lows 
Water Mark G H; and the Bottom K L of the firft Tantalus may be: 
above the Top of the laft, whofe Level is the Line W W. es 
ABCDY OQRPV H isthe Seétion of the Surface of the Earth. 
* Dr. Atwell Rector of Exeter-College in Oxford, has:in the Phil. 
Tranfactions, Numb. 424. very ingenicufly explain’d feveral Phanomena 


of reciprocating Springs by Syphons *. 


Of PUMPS. 


a3, Te common Pumps confit of a Pipe open at both Ends, in 

which there is a fliding Pifton, of the fame Bignefs as the Bore of the 
Pipe, which by means of the Hand, or any other Contrivance, can be 
mov’d up and down, without letting any Air get between its Sides and - 


the Pipe. 


Ir the lower End of the Pipe be put into Water, and the Pifton, after 
having been at the Bottom, be moved upwards, it makes a Vacuum in 


the Pipe, and confequently the Atmofphere prefling upon the outward 


Water, will make it rife inthe Pipe to about 32:Feet, and fometimes a ° 
little higher *; becaufe a Pillar of Water of fuch an Height being equal 
to the Weight of a Column of Air of the. fame Bignefs, but reaching in” 
Height to the upper Surface of the Air, will hold it zm Aéguihbreo, 
THERE are two forts of Piftons, the one with a Valve, which is call’d 
a Bucket; and the other without a Valve, which is cail’d a Forcer: The 


particular Conftruction of them J fhall afterwards explain. 


* N. B. The Air being fometimes heavier, 
and fometimes lighter, the Water will rife to 
different Heights, according to the Weight of 
the Air at the time that the Pump works ; and 
therefore the Water may rife up to 35 Feet and 
an half, (as it does whenthe Mercury in the Ba- 
rometer is 31 Inches high) but that Nicety not 
being neceflary here, we have taken 32 Feet 
for our Standard Height, it being the leaft 
Height, or ‘that to which the Water. can rife 
when the Mercury in the Barometer ftands at 


-28 Inches. . It is alfo to be obferw’d, that the 


Air in the Pipe-under the Pifton, whilft it is of 


the fame Denfity as the external Air, prefles as_ 


THAT 


much on the Water in the Bottom ‘of the Pipe, 


by its Spring, as the Atmofphere, or external 
Air preffes upon the Water in the Well; but — 
prefies lefs and lefs, in proportion as it is rare- 
fy’d by the working of the Pifton. As, ‘for 
example, if it be dilated or rarefy’d one half, 
it prefles but with half its Force, and the Wa- 
ter will rife 15 Feet under the Preflure of fuch 
Air; 16 Feet in Height of Water, together 
with the Preffure of that Air, being jufta Ba- 
lance for the Atmofphere, which pufhes up the ~ 
Water 32 Feet high, only when the wholeAir _ 


‘is quite outof the Pipe. . 
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TuHar Part of the Pipe where the Pifton moves is call’d a Barrel, Le&.VIII, 

eyed 

12, THeERe are three forts of Pumps, the fucking, the lifting, and 
the forcing Pump. 

Tue fucking Pump confifts of a Pipe A B, Plate 14. Eig. 1. open’d Plate 14. 
at both Ends, in which there is a fliding Bucket, made in fuch a manner Fi8 '- 
as to let no Air get between its Sides and the Barrel, when it moves u 
anddown. This Bucket hasa Valve () which opens, when it is pufb'd 
upwards, by the defcending of the Bucket, and thuts again, when zt ts 
pufh'd downwards, by the rifing of the Bucket. 

THERE ought to be another Valve (v) in any place of the Barrel, 
not above 32 Feet from the Surface of the Water, which opens when it 
is pufh’d upwards, and fhuts when it is pufh’d the oppofite way. 

TueEn if the lower End (B) be in the Water, and the Bucket, 

which before was at (M), be rais’d to E; as it lets no outward Water 
get through its Sides, nor through the Valve, (which then is fhut by the 
Weight of the outward Air) it makesa Vacuum in the Pipe, or at leaft 
very much dilates the Air in it; then the Atmofphere prefling more 
firongly upon the outward Pipe, than the dilated Air does in the Pipe, 
makes the Water rife in the Pipe, ’till it comes to fuch an Height, that, 
together with the Air (ftill a little rarefy’d in the Pipe,) it may have a 
Weight equal to the outward Air, Then if the Bucket be mov’d down- 
wards again, its Valve opens, and lets the Air come up, and go freely 
out ; at the fame time, the Valve (v) being pufh’d downwards by the 
defcending of the Bucket, thuts, and hinders the Water, which was got 
up in the Pipe, from going down: if then the Bucket be mov'd upwards 
again, the fame will happen, as before, and the Water will always rife 
in the Pipe, ’till it comes to the Bucket, provided it be not above 32 Feet 
from the Surface of the outward Water; and then the Bucket, when it 
goes down, lets the Water thro’ its Valve, which being {hut again as it 
goes upwards, never lets it go down, and confequently Water may thus 
be rais’d to any Height defir'd, provided the Power be fufficient to raife 
its Weight, and the Pipes {trong enough to bear the lateral Preffure, 
For the Weight of the Water is always as the Section of the Bucket, 
multiplied into the Height of the Water, and the Preflure again{t any 
Part of the Pipes is as the Height of the Water above the faid Part, mul- 
tiplied into’ the Surface of that Part. 


13. Tue lower the Bucket goes in the Pipe, the better will the Effect 
‘be. In order to prove it, Vl endeavour to thew feveral Inconveniencies 
which are to be met with when the Bucket is at a great diftance from 

Mov, IT, Xx the 
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Leé&. VIII. the outward Water. Let us fuppofe the Bucket to be at 17 Feet from 
~~~ the Water, when it is at the loweft; and 18, when at the higheft. 
When firft the Bucket moves upwards from 17 to 18, then the Air in 
the Pipe, (which before the rifing of the Bucket was contain’d in a Length 
of 17 Feet, and now is contain’d in 18) being rarefy’d by ~5,° prefies . 
upon the Surface of the Water but with 12 Parts of the Force it acted 
with before ; and therefore the Preflure of the outward Air caufes the 
Water to rife in the Pipe, ‘till, together with the Air ftill a little rarefy’d 
in the Barrel, it has a Preflure equal to that of the whole Atmofphere. 
For the fame reafon the Water will rife at the fecond Stroke, and fo on. 
But if you fuppofe Water pour'd into the Pump, ‘till it comes to 16 Feet — 
above the Water in the Well, itis evident that the Air contain’d between 
the 16th and 17th Feet is made twice rarer when the Bucket goes up to 
18; and therefore, that its Preffure is diminifh’d by 3, which +, toge- 
ther with the 16 Feet of Water, (equal to half the Force of the Atmo- 
fphere) is equal tothe whole Weight of the outward Air, which there- 
fore is not able to make the Water rife any higher in the Pipe. But if 
the Play, or Stroke of the Bucket, were more than one Foot; as, for 
example, two, (the Water being fuppos’d to be up to 16,) the Bucket 
would by its going up from 17 to 19 diminifh by 4 the Preflure of the 
Air in the Pipe, fo that the Water to fupply thofe 3 would rife high 
enough to go thro’ and above the Valve of the Bucket at its Defcent to 
17. | 


14. Hence it is evident, that the greater is the Diftance of the 
Bucket from the Surface of the Water in the Well, the greater ought its 
Play, or Length of Stroke, to be. So that if the Bucket was 30 Feet 
from the Water, its Length of Stroke fhould at leaft be 480 Feet, to 
make the Water at the firft Stroke rife as high as its Valve, which Length 
of Stroke would be very troublefome to give, if not impoffible. 


1s. THERE Is another Inconvenience which can eafily happen, if 
the Bucket be diftant from the Well; namely, that if the leaft Hole 
fhould happen to be in the Pipe lower than the Bucket, the outward Air 
getting thro’ it would hinder the Rarefaction of the Air in the Pipe, and 
confequently the Pump would have no Effect. % 

Boru thefe Inconveniencies will be avoided, if the Valve of the Pipe 
be at the Bottom of it, in the Water, and the Bucket goes quite down to 
it ; then how fhort foever the Stroke be, it will bring the Water up ; and 
ifany Hole happen to be in the Pump, it will caufe but fome lofs of 


Water, and not hinder the Effect of the Pump. And then the Valves 


being 
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being continually in Water, their Leathers will be kept wet, and there- Le&. VIII. 
- fore perform their Office better than if they were dry. rei Sialing 
Brsipes, it will not be requir’d to have a greater Power to give Mo- 
tion to the Bucket, if it works at the Bottom of the Pipe, than if it was 
to work at 32 Feet above the Surface of the Water; for as in this laft 
cafe a Vacuum muft be made under the Pifton before the Water can He 
32 Feet high, it is evident that then the Pifton {upports (or is prefs’d 
down by) the whole Weight of the Atmofphere, which is equal to the 
Weight of a Pillar of Water 32 Feet high, and of the fame Bignefs as 
the Pifton: but when the Pifton, working in Water, lifts 32 Feet of 
Water above it, that Water is all that it lifts, becaufe then the Air pref- 
fing on the Pifton, is balanc’d by the Air prefling on the Surface of the 
Water, juft as if the Air had not been concern’d in the Operation. 
_ Ir the Pifton works at any Diftance above the Surface of the Water to 
_ be drawnup, under 32 Feet; then, befides the Water which is above it, 
it fuftains fome Part of the Weight of the Air: for when the Atmofphere 
prefling the Water in the Well raifes it up to the Pifton, fome of its 
Force is fpent to drive up that Water in proportion to its Height, and 
confequently it can only balance fo much of the Air prefling above the 
‘Pifton, as it has Force left. For example, if the Pifton works at eight 
Feet above the Surface of the Water, the Preffure of Air‘on the Pifton is 
equal to + of the Weight of the Atmofphere, the Remainder of the 
Preflure being balanc’d by the remaining Force of the Air in the Well. 
Now as the Air preffing in the Well is able to fupport 32 Feet of Water, 
when it fupports but eight, or + of it, its remaining Force mutt balance, 
or take off the Preffure of 3 of the Force of the Air on the Pifton. | 
Hence the Water under the Pifton, from the Pifton to the Surface 
of the Water in the Well, may be confider’d as a Weight hanging under 
the Pifton, becaufe it is equal to the Preflure of the Air above it; and 
without taking any notice of the Air, we may always fay that the Pifton 
is loaded with all ‘the Water under, as well as above it ; and to raife it 
there muft always be applied a Power greater than the Weight of a Pillar 
of Water of the Bignefs of the Pifton, whofe Height is equal to the 
Height to which the Water is rais'd above the Water in the Well. 


16. THERE are fome Cafes, where the Pump is not perpendicularly 
over the Well; as, for example, if one would raife Water out of a Weil 
at A, Fig. 2. by means of a Pump at B ; then the beft way will be to Plate 14. 
‘make the Barrel go as low, or a little lower than the Well, as far as C, 8: * 
and to make the Bottom C of the Barrel communicate with the Well by 
means of a Pipe A C, which hasa Valve in any Part of it ; then if the 
X 2 Bucket 
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Leet. VII. Bucket plays at the Bottom C of the Barrel, it will have the fame Effect 
tym as if the Well were perpendicularly under the Pump, becanfe the Water 


Plate 14. 
Fig. 3. 


Plate 14. 
Fig. 4. 


Plate 74. 


Fig. 5. 


Plate 14. 


Fig. 6. 


runs ‘by its own Weight down the Pipe AC. 

Bur fometimes it happens, that by fome Impediment the Barrel can- 
not be made to go as low as the Well, and then the Pipe under the _ 
Barrel being very long, would confequently require a long Stroke of the 
Bucket : This Inconveniency may be avoided by making the Pipe of a 
{maller Bore than the Barrel ; for then the Bucket will by a lefs Stroke 
rarefy the Air enough in it to make the Water rife to the Valve, See the 
Figure 3 at 2. 

Tue fame can otherwife be made by pouring Water in the Pipe toa 
greater Height than where the Bucket plays; for then, as there is no 
more occafion for rarefying the Air, the Pump will perform its Effect, 
as long as every thing isin a good Condition. ; , 

Tis way has this Advantage above the firft, that the Water has not 
fo great Velocity in the Pipes, as when they are made of a lefs Bore than 
the Barrel. 


17. Turre are feveral kinds of Buckets; the moft fimple of all, 
which is commonly ufed for ordinary Pumps, confifts ofa cylindrick piece 
of Wood CC, Fig. 4. having in its middle a Hole E quite thro’ it. This 
cylindrick Wood ought to be a little lefs in Diameter than the Bore of 
the Barrel, that it may move freely up and down in it ; there is at its 
Topan Iron Piece A A, faften’d to another Piece F, beinga Rod of Iron 
or Wood, which goes quite to the Top of the Pump, and by means. 
of which the Motion is given to the Bucket. 

Near the Top of the cylindrick Wood CC, there is a leathern Ring 
BB, Fig. 5. faften’d round it, which goes a little higher than its Tops 
the Hole E is ftopp’d by a Valve, made ofa round Leather (ee) faften’d 
to the cylindrick Piece of Wood in any Place (¢) of it, by means of fome 
Nails. ‘There is upon it an Iron Plate (dd) a little larger than the Bore 
of the Hole E, and another Iron Plate under it (gg,) a little lefs than the 
Bore of the fame Hole E, thofe two Plates and the Leather are faften’d 
together by means of a Rivet or Screw (z) in the middle of them. 

Tuen it is evident, that if the Bucket be put in the Barrel, the 
Leather B B B, Fig. 6. being wet, will apply itfelf to the Sides of the 
Barrel, when the Bucket is mov’d up and down, in fuch a manner as to 


- hinder any Air from getting between them. Moreover, when the Bucket 
goes down, the Air inthe Pipe, (provided it be of the fame Denfity with | 


the outward Air) or the Water, if it is fo high, pufhing the Valve up- 
wards, which is faften’d to. the cylindrick Wood only in the Place (¢,) ~ 
PSE ee a. sok aps . ‘des 
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rifes on’ the oppofite Side, and then the Air or Water will freely go up-Leé. VIII: 
wards thro’ the Hole E. But when the Bucket is‘moved upwards, then 
the outward Air, (or the Water if it is fo high) prefling upon the Valve, 
will. fhut the Hole E, and hinder the Air or Water from going thro’ it, 

Tue Ufe of the two Iron Plates, the one. above and the other below’ 
the Leather, is to. fuftain the Preffure of the Water, which otherwife 
would bend the Leathers. .This fort of Buckets will be fufficient for 
{mall or fhort Pumps, being befides the cheapeft of all. But if it be a 
very large Pump, then the Way will be to make the Bucket after the fol- 
lowing manner. | | 

Tuere is a hollow Piece of Brafs SS, (Fig. 7.) almoft equal at Top Ptate 14. 
to the Bore of the Barrel, but {maller at the Bottom, (making therefore a Fig-7- 
hollow truncated Cone,) having at its Top, (fhewn in Fig. 8. al(o) the beee 
Brafs Bar OO, and at the Bottom (Fig. g.) the two Notches (b4,) toand 2” 
receive the Ends of another Brals Bar RR, (Fig. 10.) or bK h ( Fig. 7.) 
of the fame Figure as this at the Top. 

TuEre is a Leathern Ring LL, (Fig. 7. and 10.) which goes quite Plate 14. 
round the Brafs Piece, and is faften’d to it at its lower Part, by means of E Pa hbase 
the Iron Ring II, which being almoft at the Bottom of the Brafs Piece, 
is not fo large as its’Top, and confequently touches not the Sides of the 
Barrel; this Leathern Ring ought to go a little higher than the Crofs-Piece 
at Bottom. The 8th and gth Figures thew the Top and the Bottom of 
the Cone SS. | | 
_. Tue Valve confifts of a Piece of Leather V V, (Fig. 1 1:) almoft equal Plate. 14. 

tothe Top of the Brafs Piece $S, covered by two Iron Plates D D, (Fig. Fig is eid 
12.) of the fame Bignefs as the Leather itfelf, and having under it two 
Iron Plates EE, (Fig: 13.) a little fmaller than thé Bore of the Braf 
Piece at its Top ;. thefe Iron Plates and the Leathers are faften’d together 
by means of Screws which are here mark’d by black Points. 

Tuts Valve mutt be applied-to the Top of the Braf Piece or Box, fo Plate 14. 
that the Brafs Bar O O (Fig. 8.) be between the two Iron Plates EB, un-'8° ® 
der the Leather. 

Tue whole is faften’d together by means of an Iron Piece PPG, (Fig, Plate 14. 
14.) whofe lower Part G goes thro’ the Holes in the Middle of the Valve, 8: '+ 
and the two Brafg RodsO Oand RR, fo that its upper Part P P getting 
between the two upper Iron Plates DD of the Valve, preffes upon the 
Leather U V, and makes it apply itfelf clofe to the Brafg Bar O O: 

Tue Iron Rod PP G ought to have two Holes, one at the Bottom juft 
under the Brafs Rod R R,. to hold it clofe by means of a Pin or Key T, Plater} 
and another at its Top to faften it to.another Iron Rod NN POGHIOTE Fic, 1c. 

. | which 
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Leét. VII. which is continued quite to the Top of the Pump, in order to give the 
vy’ Motion to the Bucket*” ! 

Ir is evident that the Bucket being made after this manner, the Lea- 
ther of the Valve being faften’d to the Brafs Piece but in one Line, (v/z. 
over the Bar OO) will be lifted up on both fides, when the Bucket goes 

Plate x4. Gown, and the Flaps willapply themfelves clofe to the Top of the Brafs 
Fig.16. | Box when the Bucket goesup. See Fig. 16, ; 

Tue chief Advantages of this kind of Buckets are, that they give the 
freeft Paffage to the Water ; that is, have the leaftFriGtion poflible, as they 
touch the Barrel but at the upper End of the Brafs Box; and that the 
Sand or Gravel which commonly is mix’d with the Water, cannot get be- 
tween the Bucket and the Barrel, by reafon of the Leathern Ring being 
higher than the Brafs Tube, which if it did happen would caufe a deal 
of Friction, and foon fpoil the Barrel: but after this Way all the Sand 
will fall down upon the Valves, from whence it can eafily be taken off, 
Moreover, if by any Accident the Motion of one Side of the Valve were 
hindred, the other would ferve till it were mended. 

Plate 14. 18. THe moft ufual Way of making the Valves in the Pipes, is to 

Fig. 17° havea hollow Brafs Box AA, whofe outward Side is juft equal to the 
Bore of the Pipe, fo that when it is fixed in it, it does not let any thing 
get between them. Its Top CC ought to be bored or turned obliquely 
within, that is conically, and there muft be at its Bottom a Bar FF, which 
has a Hole J in its Middle. There is another Brafs Piece B BD, put thro’ 
the Hole I, and whofe Top fits juft to the oblique Top C Cof the Brafs 
Box; both being made conical, and well ground together. The Shank 
BBD ought to move freely thro’ the Hole I, but it muft be hinder’d 
from going too high, by means of a Nut D, which is {crew’d at the Bot- 
tom, and pinn’d under, that it may not undo; fometimes:a Piece of Plate 
riveted will ferve. 

THEN it is evident that when the Water goes up thro’ the Pipe EE, 
and the Box A A, it pufhes up the Brafs Piece BB; which as it is puthed 
down by the Weight of incumbent Water, fhuts the Hole of the Brafs 
Box AA, and hinders the Water from going down. 

THERE is an Inconvenience in this kind of Valves, vrz. that the 
Pipe ought to be widen’d at the Top of them at GG; or elfe the Water 
which is obliged to go between the Valve BB, and the Sides of the Pipe, 
would not havea free Paflage, and confequently would by its great Ve- 
locity break the Pipes in that place, if they were not extremely ftrong, 

® Agni.s. Tue beft way of making the Valves * in the Pipes, is to make ‘em like — 
| the fecond kind of Valves in the Buckets, which I explained before : only — 


with | 


A Courfe of Experimental Philofophy. 159 


with this Difference, that the Box ought to be a perfect hollow Cylin- Le&. VIII, 

der; and that it will not want the Iron Rod at the Top. eae 
In whatever manner the Valves are made, the Box ought to be folder’d 

to the Pipes, if the Pipes be of any Metal ; but if the Pipes are of Wood, 

then the Box muft only be forced into them; and then it is convenient Plat 

to have an Iron Ring 2, to draw ’em out if it is neceflary. Fig. 17, Bigs to 
Tue Barrel fhould be made of Brais, Copper, Pot-Metal, (made of 

Lead and Copper) hard Metal made of Lead and Tin, or of hard Lead, 

that it may be fmooth, in order to apply clofe to the Pifton; Wood is on- 

ly ufed for Cheapnefs, 


19. IF it were required to make Water go up the oblique Pipe BC, (Fig. plate 14. 
18.) by means of the Pump a D, then the Top D of the Pump mutt be Fig: #8. 
fhut, to hinder the Water from going thro’ it, but at the fame time it mutt 
allow a free Paflage for the Iron Rod which gives the motion to the Bucket. 

Tue Way of doing it, is to have a Braf§ Plate A A (fg. 19.) larger than 
the Pipe, and fcrew’d at its Top. The faid Brafs Plate mutt have a Hole B, Plate 14. 
(Fig. 20.) to receive the Screw E of a Brafg Box DDCC, (Fig, 21.) "8 19- 
This Brafs Box is made of two Pieces DD and C C, (Fig, 22, and 23.) plate 1 7 
which can be fcrew’d together at ff It is made hollow in the Infide, Fig. 20, 21, - 
and is fixed with feveral oil’d Leathers applied to one another, and hay- 2” 23° 
ing each of them a Hole in the Middle, of the fame Bignefs as the Iron 
Rod. There muft be Holes equal and correfpondent to them at the Top 
and at the Bottom of the Brafs Box. Then it is evident, that if it be put 
together, and the Iron Rod goes thro’ the Holes, then if the Pump plays, 
the Water being hindred by the Leathers in the Box from going out at 
the Top of the Barrel, will go up the oblique Pipe B C, where it may pafs 
through a Valve V to ftop its Return, See Fig. 18. 

WN, B. Sometimes there is a large Veffel or Cylinder of Lead 
LLCC, (Fig. 21.) to be kept full of Water, that the Leathers of the et 14, 
Collar may be always kept moift, Sucha Collar and Box is called by the” ’®* 7" 
Workmen in the North a ¥ack-Head, 
| Tue lifting Pump confitts ofa Barrel A BB, opened at the lower End 
BB, and having a Valve H at its Top, where it communicates with the ptate Aw 
Pipe C. . There is an inverted Bucket G, which moves up and down in Fig. 24. 
the Barrel by means of an ItronRod DEF E, ‘The Bucket has a Valve 
Tat its Top, and has the Hole at its Side, which goes quite to the Top, 
and thro’ on the Infide. 

__ir then the Barrel be put in Water up to W W, it is evident that when 
the Bucket is down, the Water will rife to that Level in the Barrel, thro’ 
the Hole in the Bucket, But when the Bucket moves sia aues 
aT Preffuce - 
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Plate 14. 


Fig. 25, 26. 


Plate 14. 
Fig. 27, 28, 
and 29. 


‘Plate 14. 
Fig, 30. 
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Preffure of the Water in the Barrel fhuts the Valve I, and opens the Valve 
H, and confequently it rifes in the Pipe C, from which it never Can come 


down again, by reafon of the Valve H, fo that it can rife to any Height in 
the faid Pipe. 


20. THERE are two Sorts of Buckets ufed in the Lifting Pump, and the 
Conftruétion of the firft is this; a A is a cylindrick Piece of Brafs a little 
lefs than the Bore of the Barrel, and cut round at C to receive a Leathern 
Ring, which when it ts faftned about it, makes it juft equal to the Bore 
of the Barrel, fo as to hinder any Air or Water from getting between. 
The cylindrick Piece of Brafs muit have a Hole B quite through it, and 
is hollow like a Tube from the Hole B up to the Top. 

Tere is at the Top a Valve V, made after the fame way as thofe 


jn the Buckets of the Sucking Pump; the lower Part D of the Bucket 


ought to have a Screw, or any other Contrivance, to faften it to the Iron 
Rod, which gives the Motion to it. 

Tue fecond Kind of Buckets differs from this but in the Leathers, 
which in this are fixed in the following manner. 

TueE cylindrick Brafs Piece is divided into two Pieces, A A and FF, 
(Fig. 27. and 28.) of which the upper one F F is a little lefs in Diameter 


than the other; thefe two Pieces can be joined together by means of a 


“Screw. There is a Leathern Piece LL, (Fzg. 29.) which ought to be 


applied between them, when they are feparated, and which being larger 
than either of them, applies itfelf to the upper one FF, (becaufe that 
Piece is the fmalleft) when they are fcrew’d together, fo as to make it 
equal to the Bore of the Barrel, and the lower Pipe A A being a little larger 
in Diameter, hinders the Leather from turning itfelf when it isin the Barrel. 

Tur Advantage of this Sort of Buckets above the firft is, that it may 
be fitted with thin Leathers, which are a great deal fmoother than thick 
ones: Befides, it has no Friction at all when the Bucket goes down in 
the Barrel, The lower End of the Barrel ought to be.a little wider and 
taper, that the Bucket may the eafier be put into it. : 


a1. Tue forcing Pump confifts of a Barrel ABC, (Fig. 30.) in 
which there is a Forcer I, (or Pifton without a Valve) which moves up 
and down in it, ‘The Barrel communicates with two Pipes, the one called 
a Sucking Pipe BC, which goes down into the Well, and the other called 
a Forcing Pipe F G, which goes upwards. There are two Valves, the 
one D, at any place of the Pipe B C, and the other E, in the Pipe FG, 
which both let the Water go up, and hinder it from going down; then 
when the Forcer is moved upwards as it rarefies the Air in the Pipe BC, 
(for the Valve E hinders the outward Air, which prefles upon it, from 


going 
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going thro’,) the Water rifes in it, till after feveral Strokes it comes to the Le&. VIII. 
Forcer; then at every time the Forcer goes down, the Water that is , 
prefled downwards, being hindred from going thro’ the Valve D, opens 
the Valve E, and goes up the Pipe FG. When the Forcer goes up 
again, then the Water in the Pipe F G thuts by its Preflure the Valve E, 
and confequently the Water in the Well rifes up the Pipe EB, and the 
- fame happens at every Motion of the Forcer. 

Ir is to be obferved in the Forcing-Pump, that the nearer the Forcer 
comes to the Well, the better it is, for the fame Reafon as in the 
Sucking-Pump. 

THERE are feveral Ways of making the Forcers, 

_ Tue molt common of all confifts of a Brafg Cylinder, a very little Plate 14. 
lefs in Diameter than the Bore of the Barrel, (Fig. 31.) at the Top B Pg: 3% 32. 
and at the Bottom D, and turn’d lef ftill at the Middle CC, in order to 

let ina Leathern Ring or Collar EE, Fig. 32. (made of a thick Leather, 

put round the Brafs Cylinder,) which makes it juft equal to the Bore of 

the Barrel, fo as to fit it quite when it is put into it. 

Tue fecond Sort of Forcers confifts of three Braf& Cylinders A, B, C, plate 14. 
(Fig. 33, 34, and 35.) which can be {crew’d together. The middle one Fig. 33, 34, 
B, ought to be almoftequal in Diameter to the Bore of the Pipe, fo as to *> 
flide.in it without any Friction. The upper A and the lower C mutt be 
a little lefs, and equal to one another. ‘There are two Leathers D and E, Plate 14. 
(fig. 36, and 37.) which muft be put between them when they are un- Fig: 3% 37- 
{crew'd. ‘Then it is evident that if the Cylinders be fcrew’d together, 
and the Leathers, (which ought to be a little bigger than the Brafs Cy- 
linders) apply themfelves folding upwards round the upper A, and down- 
wards round the lower C, they will become juft equal to the Bore of the 
Barrel ; and confequently they will hinder any Air from getting thro’ the 
Sides of the Forcer, when it moves up and down in the Barrel ; the Ufe of 
the middle Brafs Cylinder B, is to hinder the Leathers from turning them- 
felves back by the Motion. This kind of Forcers has, above the afore- 
mentioned one, the Advantage of having a great deal lefs Friction ; and 
befides, as the Leathers which are applied to it, may be thin ones, they 
are much fmoother than thick ones, which are ufed in the other. The 
Objeftion which is commonly made againft thin Leathers, is, that it is a 
great Difficulty to get them into the Barrel, by reafon of the Refiftance of 
the lower Leather. This Inconvenience may be avoided by means of a 
fhort hollow Cylinder of Wood, or any Metal, equal in Bore to 
the Barrel, and which can be applied clofe toits Top. If the lower Part 
of the Forcer be unfcrew’d, the upper and the middle ones can be put 
into the before-mentioned hollow Cylinder, without any Difficulty ; and 

Vou. Il. eae if 


Plate 14, 
Fig. 30. 


Plate 14. 
Fig. 38. 
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Le&t. VIII. if then the lower with its Leather be {crew’d on again, andthe hollow. 


yo 


Plate 14. 
Fig. 39. 


Plate 14. 
Fig. 40, 41, 
A2s 


Fig. 43, 44: 


Cylinder be applied to the Top of the Barrel, as they both are of an equak 
Bore,’ the Forcer can be brought down- into the Barrel, without any Re- 
fiftance.. 


22. Tur beft way of making Forcers, is to have a Plunger, or folid 
Braf Cylinder A, (Frg. 39.) equal in Length to the Barrel, and a little 
iefS in Diameter than the Bore, fo that it can move freely in it without 
any Friction; there muft be two hollow fhort Brafs Cylinders, or rather 
Rings, CC, DD, (Fig. 40, and 41.) at the Top of the Barrel F, which — 
can be fcrew’d together. The upper one CC muft be equal in Bore to 
it, and the lower D a little lef. There are two Leathers F G, (Fig. 43, 
and 44.) both having in the Middle a lefs Hale than the Bore of the Pipe. 
The one muft be applied between the Barrel and the Ring D, and the 
other between the fame D, and the upper one C, and the whole muft be 
fcrew’d together. Then if the folid Cylinder A, be put into it, and mo- 
ved up and down, it is evident that the two before-mentioned Leathers; 


' which are applied the one to the Barrel, and the other to the Infide of the 


hollow Cylinder C, will hinder any Air from getting between them and 
the folid Cylinder A, NV. B. If the Bore of the Barrel be much bigger 
than the Diameter of the Cylinder, a third Ring like CC muft be~alfo. 
fixed under D D, for the lower Leather to apply to. oliul 
Tue Advantage of this kind of Forcers, 1s, that they have no other 
Friction, but at the Top of the Barrel, and that the Infide of the Barrel 
need not to be fmooth, asin other kinds of Pumps, but only the Outfide 
of the Forcer A mutt be turn’d true and polith’d, which can be done a 
oreat deal eafier. : 
Tue lower Part of the Forcer A, muft be turn’d a little conical, that — 
it may be brought into the Barrel, without any Refiftance of the upper 
Leather of the above-mentioned Collar or Jack-Head. . 
Ir it be defired to knowto what Height Water will rife in any Pump 
at every Stroke of the Pifton, it can be found by Algebra; provided the 
Play or Stroke of the Pifton, and its Diftance from the Surface of the 
Water, be known. See the Notes +. | 
To illuftrate this yet further, I have contrived all thefe feveral Pumps - 
with the working Barrels, the firft Part of the Conduct, and the Air- 
Veftels, .all of Glas, tomake the Motion of the Piftons (whether Buckets 
ot Forcers) vifible, as well as the Rife and Fall of the Valves, and the Ac- — 
tion of the Air upon the Water, as it drives it, by expanding itfelf after 
it has been compreffed. Bat as thefe Machines are chiefly intended to 
make every thing plain and vifible at my Courfes of Experimental Philo- 
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fophy, we are not to expect a Scale to the Draught, or the juft Propor- Lee. VIL: 
tions of the Valves, and of the Sucking and F orcing Pipes, Gc, neither —“—— 
need we give any ample Defcription of thefe working Models, the In- 
{pection of the Draughts, and what we have {aid already, being fuficient. 


Plhate’15. fig..152, 3,45) 6. Plate rg. 
23. Tne firft Figure reprefents the Sucking Pump. The Lump ot Fig. ee 
Foot of Wood G has fixed to it a Brafs Frame, confitting of two Rulers 4 7° 5 
or long Plates, fuch as GC, (reprefented here as broken off, to fhew the 
Hind part ; and vifible only at three Places, as G, E and C,) with two 
Rings having Ears coming out horizontally on their Sides at A B, and 
DF. The Glafs Pump-Barrel CO, open at Bottom and clofe at Top, 
with its Brafs-Work at O E and PC, is let into the Rings of the Frame 
above-mentioned as it ftands up. The Lifting, or Pifton-moving Rods, 
are let down thro’ the Holes in the Ears A, B, D, F, and are fixed at bot- 
tom by the Screws K L, to the Crofs-Plate K M L, which has at its Middle 
M a perpendicular Rod MN, bearing the inverted Pifton N with its 
Valve x, From P the Brafs-Work of the Top of the Glafs-Barrel, goes 
an Elbow made of two Pieces B, Q; one of which Q_has at Top the 
Valve g. The Glafs Conduat-Pipe TR, with its Brafs-Work at'T R, 
and its Ajutage or Spouting-Pipe at Z, is {crew’d on upon Q ; then the 
whole Machine, Pump, Rods, Frame and Foot is plunged almott as far 
as C, into the Water of the Glafs-Jar V X Y W, reprefenting a Well or 
Ciftern in which a Lifting-Pump works: the Foot G refting upon the 
Bottom of the Glafs, | 
‘To work this Pump, take hold of the Ring fixed to the Plate H I, and 
pufhing downwards till M comes to G, as the Pifton comes down, the 
Water will rife thro’ it, and come upwards thro’ the Valve atx; then 
pulling the Rods up again, the Valve fhutting, the Pifton will puth the 
Water before it, which will go along CPB QT, and lifting up the 
' Valve g, rife as far as Sin theConduct-Pipe, Putting down the Rods again, 
the Valve ¢ will fhut and retain all the Water that is above it, whilft the 
Pifton or inverted Bucket N fetches another Quantity of Water, which 
lifted up will raife the Valve q again, and go up towards R, till after a few 
Strokes the Water will come out at Z. In this Cafe, whether the Water 
{pouts out at Z, or is conducted in a long Pipe to be delivered at a great 
Diftance, it will come by Intervals, iffuing out only when the Pifton N 
is Coming up. But you may ‘have a conftant Stream of Water, by turning 
the Piece T R into an Air-Veffel, which is done thus : Having fcrew’d 
off the Head at R, to the Under-Side of Z {crew the Glafs-Pipe R q; 
then {crew the Head on again before any Water be in the Conduct TR, 
2 and 
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Let. VIll.and make all right. "The next time that the Pifton coming up pufhes Wa- 
wv ter thro’ the Valve g, at the fame time that fome of it goes thro’ the 
Glafs-Pipe and out at Z, fome will go up into the Cavity 75 R, round about 
the Glafs-Pipe, and condente the Air which filled the Space g R into the 
Space SR ; and when the Pifton goes down again to fetch more Water, 
the Air between R and S expanding itfelf again, will continue the ftream 


out at Z, which would have ceafed without it till the next Lift of 
the Pifton. | : 


N.B. There is not more Water raifed in the fame time by the Ufe of an 
Air-Veffel, than without, which bas made fome People beheve that an 
Air-Veffel was of no advantage in Engines. But there is a. confiderable 
Advantage, efpecially where Engines work faft, Firf, there is much 
lefs Strain upon the Conduét-Pipes, if the Water goes to a great Diftance. 
Suppofe, for example, the Engine ratfes a Gallon at a Stroke, and goes 30 
Strokes ina Minute ; every other Second the whole Water fiands fill, and 
then the whole Quantity of it muft be put in Motion a-new, every time the 
Valve q (called the Forcing Valve) opens, which ts a great Shock ta the 
Pipes. But if you ufe an Air-Vefel, the Water is continually running, 
which it does with only half the Velocity ; becaufe no greater Quantity of 
Water in the whole time, when continuous, runs thro’, than did in half the 
time when difcontinuats : And it is plain, from what we have before 
foewn,, that the Impreffion on the Pipes 1s quadruple, when the Velocity 1s 
double. | . 

In the Uje of Engines to put out Fires, which have no dir-V. effels, like 
the Dutch Engines, or old Parifh Engines, a great deal of Water is loft 
at the Beginning and End of the Fet or Spouting of the Water; whereas 
not one Drop is loft when the Engine bas an Air-V. effel Jufficiently large. 
Befides, if you aim at any Place by turning the Spouting-Pipe to it, you 
cannot direct the Water to it, and frike it, near fo foon, when there is 
an Air-Veffel as when there is not. 


Plate 15. 24. Tue fecond Figure fhews a Sucking Pump, where S reprefents the 
Fig-2-  Sucking-Pipe, and V its Valve; D P is the Pump-Barrel here made of 
Glafs; Bis the Pifton or moveable Bucket with its Valve W, which is 
moved up and down by its Handle A, When B rifes, it takes off the 
Preffare of the Air from its Valve W. ‘Whereupon the Weight of the 
Atmofphere on the Water in the Well pufhes up through S, then through 
the Valve V towards the Bucket B. Pufhing the Bucket down again, 
the Water, having fhut the Valve V, comes up through the Bucket, 


opening 


A Course of Experimental Philofophy. 165 


opening the Valve W ; then it is lifted by the Bucket into the CifternLea.VIIL 
CD, from whence it runs out thro’ the No or Spout Pp Q._ aid 


25. Tue third Sort of Pump, (Fig. 3.) is the Sucking and Lifting plate 15. 
Pump. Fig. 3. 
Tue Sucking Pump is commonly ufed in a Yard or Area near a Houte, 
to draw Water out of a Well for the Ufes of the lower Part of the Houfe; 
but if you join to its Nofe a Pipe of Condué, fhutting up the Nofe with a 
Cock, and putting a Collar of Leathers on the Top of the Pump, which 
admits only the Rod of the Pifton, and lets out no Water; the Water 
upon occafion, (as in Cafe of Fire) may be conveyed to the Top or any 
Part of the Houfe. If the Condué is carried along in the Corner of a 
Stair-Cafe; by {crewing on a Leather Pipe at every Floor, the Water may 
be carried into any Room, {oas to {pout againtt any fudden Fire. There 
will, at that time, be only fo much more Labour required of the Per- 
fons employed in pumping, as the Water is raifed higher than the Nofe of 
the Pump. At other times, the Cock, which we have fuppofed at Q,_ 
being opened, the Pump ferves for its common Ufes, and goes as caly as 
if it had none:of the Additions above-mentioned. | . 
Every thing in this Figure is marked with the fame Letters as. the 
laft ; only here is added the Collar of Leathers C, the Leathern Pipe L, . 
and the Condut-Pipe T R, with its forcing Valve F, 


26. Tue fourth Figure reprefents the Forcin Pump, where the plate 1s.” 
Glafs Tube reprefenting the Barrel, is now ncaa with the Communi- Fig. 4. 
cation-Piece at Bottom. ‘The Pifton BB has no Valve, but Leathers 
looking upwards and downwards, above and below the guiding Plate B B, 

as has been already defcribed. By the Handle A, pull up BB, and the 
Water will come up the Pipe S, thro’ the Sucking Valve P, for the Rea= 

fons already defcribed : thence being puthed down again by the Pifton : 
BB, it will go thro’ P.p QT, and the Forcing Valve F, Part up the 
Pipe F R, where it will immediately fpout out, and Part will rif round - 

the Tube up to a a, where it will conden® the Air, which expanding it- 

felf again, will continue the Jet whilft the Pifton is rifing to bring the 
Water out of the Well. N.B. The Cup CD is to keep a little Water 

in, that the Leathers of the Pifton may be always moift and tight. 


27. Tue fifth Figure reprefents the Pump with the Plunger, fuch asPlate ; .. 
we have already defcribed Numb. 22. of this Lecture ; fo that we thall Fis- 5. 
need to fay the lefs about it here. BB is a Brafs Plunger or folid Cylin- 
der, with its double Rod A, on which are flipped the Cheefes, or Leaden. » 

, flat 
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Leét. VIII flat Weights, EF FE to add to the Weight of the Plunger upon occafion 5 
t—y—=—_C D O 1s the Jack-Head and its Cup, to be further defcribed, Fig. 6. 


Plate 15. 


Fig. 6. 


Plate 15. 
Fig. 7. 


Here the Conduct F Z, which may be fuppofed of any Length, and to — 
run to any. Diftance, has a Side-Pipe G, to which is joined the Air- — 
Veflel GIKH, which needs no farther Defcription than a Sight of the 
Figure, which thews how the Water rifing up towards I H condenfes the 


‘Air above it towards K, which re-aéts upon the Water to drive it into the 


Pipes in the Intervals of the Strokes from the Engine. 


_ 28. Tue fixth Figure is a Section of the Jack-Head, to fhew its — 
Parts ftill plainer. | | 
CCC, that Part of the Plunger which is embraced by the Jack~_ 
Head. ; 
Gg eG, the Guiding-Plate, whofe Hole is but juft big enough for — 
the Plunger to flip thro’. | . 
V uu V, the upper Plate, whofe Hole is wide enough for the Leathers 


dg u, d gu to turn up between the Plate and the Plunger. 


LAAL is the Return of the Pipe, to which all the Plates of the 4 
Jack-Hiead are joined by the Screws ss, leaving room enough for the — 
Leathers e g H, e g H to turn down and apply to the Plunger. 

BCH, BCH, fhews the Space between the Plunger and the Barrel. 


29. Tue feventh Figure reprefents the Section of a Pump with the © 
Plunger working thro’ the Jack-Head, where the Pipes, Valves, Plun- 
get and Rod, are reprefented by the fame Letters as in the foregoing Fi- 
gures ; only here is to be obferved, that in the Sgction of the Cup, PCD 
is a little Pipe with a Cock at C, and a Valve at D, to difcharge the Air 
between the Plunger and the Barrel, till the Water is come up quite to the ~ 
Jack-Head. | a 


N. B. In making the Experiments with the Glafs Models of the Pumps, 
there is generally put on a Spout that turns downwards, (Fig. 1.) to pre- 
vent the Perfons prefent from being wet. 2 


End of the EIGHTH LECTURE. 
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ANNOTATIONS upon the Eighth Leture. 


1. [1.-———The Air has been fuck'd out, &c——/bort Leg—that Part 
which is above Water——as if the Orifice was at G.] 


. SYPHON may be fo contriv’d, that there thall be no need of fuck- A nnotat 
ing out the Air; but only filling it with Water, .or the Liquor that .@ VIty 
is to be decanted before you put it into the Veffel from which the Li- ees 

quor is:to run. | | 


ExperRIMENT 1. Plate 16. Fig. 1,-2, and. 3. Bese: 
Take a Syphon of equal Legs turn’d up at the End of each Legas E R F, Fig. 152, 34: 

Fig. 1. and having: fill’d it with Water, the Columns of Water will balance 
each..other without any Water running out: then plunge the two Ends E, F, - 
of this Syphon, into the two Jars of Water A Band CD, Fig. 2. in the fir 
of which the Water ftands at S S, and lower in the Jar C D, (as at ss) the: 
Water willimmediately run from A B into C D, till, by falling in A B, and - 
tifing in'C D,* it fettles at OP the fame Level in both Jars. If Water be. 
pour’d into the Jar C D up to C,.it will run back: into the Jar AB, till it” 
comes up to S.S in that Veffel, whilft it is got down to T in C D, orthe Line : 
SST, fhewing both Surfaces to be at the fame Level. The fame thing would 
have happen’d by holding the Jar A B fo much below the Level of CD: 
and fo the Water will run alternately from one Jar into the other, the 
two Legs becoming fucceffively-the driving or the iffuing Leg ; that is here, 
the /ong Leg, or short Leg ;-which fhews, that the Length of the Legs is - 
only to be reckon’d above the Liquor. So that when the Water is at S S$ in 
AB, andssinCD, not ER, but MR, is the foort Leg; and RN, not 
RD, the /ong Leg: confequently, if by holding the Jar A B lower than CD, . 
the Surface SS be brought lower than ss, N R will be-the driving or hort - 
Leg, and R E the iffuing or long Leg. . . | | | 

_ To fhew likewife that the Length of the Legs are to be eftimated by their - 
perpendicular Height, let L/ be a level Line running thro’ the upper Part of - 
the Bend of the Syphon; LM and/N,- Perpendiculars, let down from it to 
the Surfaces of the: Water SS and ss, mutt be call’d the Lengths of the Legs 
MRandN-R, . 

 Tuis will appear more evidently by Fig. 3. where’ inclining this Syphon : 
When full, the Water will run out at-E, when F is rais’d up, (and likewife at 
f, when E is rais’d up) for no other Reafon, but becaufe the equal Columns 
of Water in the equal Legs E L and F L, or the Legs themfelves are made 
me E unequal 
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Annotat. unequal in their perpendicular Height, L F becoming / F, and L E be- 
Leét. VIII. coming L I. 
tn aimed 


2. [3.——The Prefiure of the Air the Caufe of the Water being pufird up inte 
the Syphon, &c.|] Here it may be objeCted, that Syphons will run i va- 
cuo, and therefore that the Airis not concern’d in the Motion of Fluids thro?’ 
a Syphon : and indeed J have made the Experiment both with Water and 
Mercury ; for having fill’d a Syphon, fuchas ts reprefented in Fig. 1. fuccef- 
fively with thofe Liquors, and fufpended it by a Slip-Wire in the Receiver of 
an Air-Pump, over two fmall Jars containing Mercury to-unequal Heights, 
(and Water, when Water was ufed in the Syphon) I exhaufted the Air out 
of the Receiver, and then letting dow the Syphon, fo that its two Ends 
went into the Liquor in the Jars, the Liquor ran from the higher into the 
lower Veffel. 

I atso made an Experiment in the open Air, where the Mercury ran thro’ 
a Syphon, whofe Bend was more than 31 Inches above the lower Orifice of 
the fhort Leg of the Syphon. 


ExprriMenT 2. Plate 16. Fig. 4, 5, and 6. 

l took a Glafs Tube AB, Fig. 4. 33 Inches long, an Inch and an half ar 
its outward, and an Inch and a quarter in its inward Diameter; and having 
cemented its lowet End intoa wooden Foot B N N, made heavy to ftand faft, — 
I cemented its upper End into an hollow Cylinder of Wood, Fig. 5. that had 
a large Slit cut in itat O P, to be fill’d up by a fliding Piece L, after having let 
into the faid Slit the Bend ofa Glafs Syphon, having one Leg inthe Tube, and 
the other without it. ‘The Syphon is reprefented by S Ls, Fig. 4: and 7g. 
6. The Height from S to L was 32 Inches, and from L tos 35 inches. 
Having put the Leg $ of the Syphon into the Tube, and refted its Bend at L, 

I tnade it faft and all tight by Cement about the Bend of the Tube, ‘after the 
Piece L. (of Fig. 5.) had been let into the Slit'to fill it up. Things being thus 
prepar’d, I fill’d the great Tube with Mercury upto M M, (fee Fig..4.) then 
having plac’d'a Jar uiider s, to receive the iffuing Mercury, I :pufh’d in a- 
fall Stick D Eby the Side of the Syphon into the great Tube, to raife the 
Mercury to 7 L, which fet the Syphon a running, and that running continu’d » 
till the Surface of the Mercury came down to S in the great Tube. Fig. 4. 
reprefents the Se@tion, and Fig. 6. the ‘Perfpective of the Machine, Note 
withftanding thefe Experiments, the Air isthe Caufe of the running of Li-— 
quors in Syphons; for, that it ran iv vacuo, was only owing to the Attraction | 
_ @f Cohefion, which aéts for a fmall Height 5 becaufe the Experiment will not 
facceed in vacuo, if the Syphon ufed for Mercury has its. Bend’ fix ‘Inches. 
higher than the Orifice of the fhort Leg, and if the Bend of the Syphon for 
Water be'two or three Feet high. Neither will the laft mention’d Experiment | 
an(wer, if the Bend of the Syphon be 40 Incheshigh : and in all the | 
merits the Bores of the Syphons muft be very mall. | 
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Annotat. 
Plate 16. Lae sh 2 Le&. VIII. 


Ann. 3. [6.—This Confideration of Monf, Belidot’s is of great ufe in MARING Plate 16. 
Pumps, &c. refer——to the Notes upon that Subjeé?. | Having well ex: Fig, x2. 
amin’d what Mr. Bedidor has taken notice of, in relation to the 4th, 5th, and 
6th Figures of Plate 13, we will apply it to a fucking Pump, and then give 
Mr. Belidor’s Calculation of it. ; 

Ler ABFGS DC bean inverted Syphon with equal Legs. Let ABDC 
be the driving Leg, fill’d with Water as far as S F » the Bottom of the iffuing 
Leg: if S F, from being ftopp’d, be fuddenly unftopp’d, the Water ‘will be. 
gin to rife towards G with all the Velocity belonging to an Height as A D, 
(eftimated by the fquare Root of it) but that Velocity will diminifh as the Water 
comes down from AC, till it ftands at a Level in both Legs. If the 
driving Leg A D was kept full, the Water would rife up to Gin the iffuing 
Leg G S, and run out continually, if A C be ever fo little higher than G. 
Suppofing ftill, that the driving Leg A Dis kept full, and the Stop be re- 
mov'd from S F to Q R, or that a moveable Pifton is held at Q; upon re- 
moving this Pifton upwards towards Jc, the Water at Q will rife up, not 
with a Velocity proportionable to the Root of A O, (or of ¥ A D—SQ3 
but with a Velocity proportionable to / A D — 1/ SQ, which is much lef ; 
fo that if the Pifton be drawn upwards from Q with the fame Velocity that 
the Water would have at SF, (if the Pifton had been pull’d up from that 
Place) the Water will not rife fat enough to follow it, and touch it conti- 
nually, but leave a Space between, till the Pifton coming down meets it 
again. 

See let us fuppofe the iffuing Leg G F to be chang’d into the Pipe of a 
fucking Pump G L, going into the Water of a Well, Pond or River, whofe 
Surface isS M; then AD will be no longer a Column of Water, as a Leg of 
a Syphon ; but the Weight of the Atmofphere, which we will for eafe of Cal. 
culation ftill calla Column of Water 33 Feet highs; QR the Level, or Place 
of the Pifton when at loweft, and Q 4 the Height of its Play: SQ= OP, 
the Diftance of the Pifton above the Surface of the Water in the Well = 7,29 
Feet, and AN = 25,71 Feet. I fay; that in this Cafe the Pifton rifing from 
QR with the fame Velocity, that would be proper for it to rife from SM, tho? 
with the fame Length of Stroke, the Jame number of Strokes in a Minute, and 
loaded with the fame Weight of Atmo[phere, would not raife fo much Water ; 
as will be eafily fhewn.. Since 5,7 is the Root of A D (= 33) we may con- 
fider that Number as proportional to the Velocity of the Pifton working at 
SF, which is the Velocity with which the Water can follow. But fince the 
Velocity of the Water at QR, is only proportionable to the Number 3, (becaufe 
v7 33 — Vv 7529 = 5,7 — 2,7 = 3) the Water will only follow the Pifton, 
when it moves upwards from Q with a Velocity which is to that of the Pifton, 
aS 3 to 5,7; fo that the upper Part of the Stroke of the Pifton will be inef- 
fectual, there being a void Space between the Water and the Pifton, and like- 
wife fome Part of the defcending Stroke loft, till the Pifton comes down to 
Vou, II. Z the 
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Annotat. the Water to prefs it up thro’ its Valve: and this will happen every time that 
Lcé&. VIII. thePifton having defcended its full Stroke, rifles up from Q R. I have obferv’d 
wey feveral Pumps at Sea, which had this Defect, efpecially when they were new, 

As the Men prefs’d down the Handle with which they pump’d, if they did 
not hold down the Handle fome time, it would fly up™again, and tke Pifton 
come down near half its Stroke: inthis cafe the Water rofe flower than 
the Pifton, not only forthe Reafons already given, but alfo becaufe the fuck- _ 
ing Pipe in thofe Pumps is generally made much narrower than the Barrel, or 
the Part where the Bucket or Pifton works. - But the Sailors think this an E.x- 
cellency in their Pumps, and fay upen that oceafion, that the Pump /peaks, 
which is only a fign that the Pump is tight, and not that it raifes more Water — 
than if it went eafier. If feveral Pumps move by any fteady Power, fuch as 
Water, Wind, or Horfes, and work by Regulators, the Defe@ is not imme-. 
diately feen, but found by the too {mall Quantity of Water rais’d.‘ In Ma- 
chines one may alfo give the Piftons too fmall a Velocity, fo that the Water, — 
from the Preffure of the Atmofphere, fhall receive a greater Velocity, which 
will likewife diminifh the Quantity of Water to be rais’d. ns 

I have here tranflated from Monf. Belidor, (Architecture Hydraulique, Liv. 
3. Ch. 3. Page 83.) bis Manner of applying this to tke Theory of fucking Pumps. 
In which I bave not reduc?d his French to Englifh Mea/fures, to avoid Frac- 
tions, aud.becaufe, when any Problem is folv’d by bis Method, you only need at 
laft to increafe the number of Feet and Inches +s, becauje 15 French Feet or — 
Inches are equal to 16 Englifh Feet or Inches, in round Numbers. | 

He fuppofes the Piftons fo fix’d toa Machine, as to have aconfin’d Stroke | 
and Velocity in their working; and goes on thus, beginning from the Confi- 
deration of a Syphon. | 

«Maxine ufeofa Syphon, whofe firft, (or driving Leg) is always kept 
full of Water; and the fecond, (or iffuing Leg) only up to the Height QR, 
becaufe it is ftopp’d by a Pifton P, futtain’d by the Power T;:I fay, that if | 
that Power. T raifes that Pifton from R toc, with a Velocity always uniform, 
one of the following Cafes will always happen. | 

‘Tuo’ the Water be not free, it will always endeavour, as it accompanies | 
the Pifton from R toc, to rife with all the different Velocities.of which it is’ | 
fufceptible ; but if in going up it is reduc’d to a Velocity lefs than that of the: 
Pifton, it will ceafe to follow it, and there will be a void Space between them,’ 
which will increafe more and more, in proportion as the Velocity of the Water 
will become lefs than that of the Pifton. Thisis the firft Cafe. 

In the fecond Cafe, if the leaft Velocity of the Water be muclr greater than 
that of the Pifton, not only there will be no void Space between them, but on: 
the contrary, during the time of the Rife of the Pifton,. the Water would be | 
able to fill.a Space much larger than R Q dc. | | 

Supposinc each of the Legs of the Syphon to be 31 Feet high, the) 
Weight of the Water of the firft A D may be taken for that of the Atmo- | 
{phere, and now confidering one Pipe, as-G L, plung’d in Water to the Level) 
D M, it will happen, that if by any Caufe whatever, this Pipe be depriv’d of 
Air, the Water will rife naturally in it from F to R, tillit reachesthe Pifton, 

and | 


t 
| 
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and act according tothe Circumftances which belong to the one or the Annotat. 
other of the two foregoing Cafes; therefore the Pipe GL, may be look’d Leé&. VIL 
upon as a Sucking Pump which is uniform, and where the Height R ¢ denotes ——“W—=~ 
the Stroke of the Pifton. 

Ir follows from the firft Cafe, that when in a Sucking Pump, the Velo- 
city of the rifing Water is lefs than that of the Pifton, there is produced an 
empty Space which makes the Pump not give fo much Water as it ought, 
tho’ the Pifton works at a much lefs Height than 31 Feet; becaufe the 
Pifton beginning to defcend before the Pump-Barrel is full, at every Stroke 
you lofea Bulk of Water equal to that Void: And if this can happen even | 
where the Diameter of the Sucking Pipe is equal to that of the Pump-Bar- 
rel, much fooner will it happen if the Sucking Pipe be made much {maller, 
becaufe the Water rifing thro’ a lefs Paflage, will be longer in filling the 
Pump-Barrel, and therefore fooner quit the Pifton, and leave the greater void 
Space between. 

Ow the contrary it follows from the fecond Cafe, that when the leat 
Velocity of the Water, confider’d as uniform, fhall be much greater than 
that of the Pifton, there will be no void Space, and the Pump-Barrel may 
be made wider than the Sucking Pipe, without fearing that the Water fhould 
ever quit the Pifton ; and this will always happen, when she Squares of the 
Diameters of the Pifton, and of the Sucking Pipe, the leaft Velocity of the Wa- 
ter, and that of the Pifton, are reciprocally proportional; becaufe then the 
inner Bulk of the Barrel will always be lefs than that of the Column of - 
Water that is able to come into it, during the rife of the Pifton: Now I 
judge that one can hardly give a Pifton more Velocity than of 4 Foot it 
a Second, without expofing the Parts of the Engine to the Danger of being 
foon broken ; and indeed I have never feen any Pump whofe Pifton did move 
fo faft. 

Let us call the Height of the Water equivalent to the Weight of the At. Plate. 16. 
mofphere =a; the higheft Elevation of the Pifton above the Surface of the Fi8- !?: 
Water in the Well=d ;V a—V Ob will exprefs the leaft Velocity of the 
Water which. will rife into the Pump-Barrel, and not /a—d; which is very 


different, for we have a+d—2Vab for the Fall capable to preduce that Ve- 
locity, inftead of a—d according to the common Method ; therefore, to have 
that Fall, you muft feek a mean Proportional between tbe Height of the Co- 
lumn of Water equivalent to the Weight of the Atmofphere, and that of ibe 
greatei Elevation of the Pifton above the Water in the Weil, double that 
Mean, and fubftratt it from the Sum of the two Extremes. 

For Example, having a2=31 Feet, we fuppofe =16 ; thus the Mean 
between thefe two Numbers will be about 22 Feet 3 Inches, which being 
doubled, gives 44 Feet 6 Inches, which muft be fubftracted from 47 Feet, 
the Sum of the faid Numbers; and the Difference will be 2 Foot 6 Inches 
for the Fall; whereas, according to the common Notion, it would be 15 
Foot. I leave the Reader to judge of what confequence in Practice may be 
a Difference arifing from fuch an Error, \ 

| Z2 ti Ee 
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Annotat. To give a general Canon, that fhall take in all that relates to the prefent 
Le&t.VII, Subject, we will call the leaft Velocity of the Water that rifes in the Pump- 
termed Barrel V; 4 the Velocity of the Pifton ; D the Diameter of the Pump- Barrel 5, 

and d that of the Sucking-Pipe ; and then we fhall have VV: a2 Dea 
whence we deduce Vdd==-« DD, which is an Equation made up only of 
four different Quantities, one of which is eafy to find, the other three being 
iven, 

: For Example, if we had a fucking Pump of fix Inches Diameter, whofe 
Pifton according to the contrivance of the Machine, and the Velocity of the 
firft Mover, fhould give 20 Strokes in a Minute, each a two-foot Stroke, 
{pending as much Time in its Rife as in its Defcent, that Pitton will move 
80 Foot in a Minute, and confequently will have a Velocity of 16 Foot in 
a Second. | 

I suppose, fecondly, that the higheft Elevation of the Pifton above the 
loweft Water, is 18 Foot, and that we want to know what Diameter muft. 
be given to the fucking Pipe, that the Barrel may always be fill’d in the 
Time of the Rife of the Pifton: In order to that, we muft find what uni 
form Velocities in a Second, Falls of 31, and 18 Feet will give; which we. 
thal] find to be 43 and 32 Feet g Inches, whofe Difference gives 10 Foot 3: 
Inches for the leaft Velocity of the Water. 

We have then D==6 Inches, x=12 Foot, and. V=1o Foot neglecting. 
the Fraétion, which being fubftitated in W “PP = 4, gives 2 Inches 2 Lines 
and + of a Line for the Diameter that you want, but which you muft make 
at leaft-of 2 Inches and 6 Lines, on account of the Friction. | 

WueEn we know the Velocity of the Pifton, the Diameter of the Pump- 


Barrel, and the Diameter of the fucking Pipe, we fhall have ee <= V for: 
the leaft Velocity of the Water, which will be.had by multiplying the Square 
of the Diameter of the Piston by the Velocity of the faid Piftow, and dividing the 
Produ&t by the Square of the Diameter of the fucking Pipe, Then you mutt! 
take away that Velocity from that which is relative to the Column of Water 
equivalent to the Weight of the Atmofphere ; the Difference- will give the 
refpective Velocity, for which we muft only find the Fall, which will deter- 
mine the higheft Elevation of the Pifton above the loweft. Water of the Well, 
ifits Level is apt to vary, and confequently the Situation of the Pump. 
Suppose that the leaft Velocity of the Water be found. to be 10 Foot 3. 
Inches 5 you muft take it from 43, and the Difference will give 32. Feet 9. 
Inches for the refpective Velocity 5 thus.feeking a Fall capable of producing | 
that Velocity, we fhall have 18 Foot for the greateft Elevation of the Pifton. 
So likewife, when we know the Diameter of the.Pump-Barrel, that of. the 
fucking Pipe, and the greateft Elevation of the Pifton, .and confequéntly the 
leaft Velocity of the Water, one may determine what Velocity the Pifton 


muft have, that the Barrel of the Pump may. fill; becaufe-then we have 
Vai ; 
psd a he ubichfbews that we muft multiply the leaft Velocity of the Water~ 


by. 
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by. the Square of the Diameter of the fucking Pipe, and divide the Produc by Annotat. 

the Square of the Diameter of the Pifton, Leé&t. VII. 
Lastry, when we know the Velocity of the Pifton, the Diameter of the ——y—™ 

fucking Pipe, and the higheft Elevation of the Pifton, or the leaft Velocity 

of the Water; one may alfo determine what mutt be the Diameter of the 

Pump-Barre!, becaufe we hav VVda 


=D, which foews that we muft multiply 


i 
the Square of the Diameter of the fucking Pipe by the leaf? Velocity of the Water, 
divide the Proaué? by the Velocity of the Pifton, cnd from that Quotient extra 
ibe Square Root. 


4. [10.+—Dr. Jo. Atwell, 2c. basin Phil. Tranf: Numb. 424, (e.] 
The ingentous Author, after making an Apology for what he intends to fay 
upon the Nature of Jntermitting and Reciprocating Springs, declaring that 
what he offers is rather as a Conjecture, than an abfolute Solution of the: 
Caufe of thefe Phenomena, goes.on with an Account of Laywell Spring in 
thefe Words 

** ‘THE Spring is fituated at one end of the Town of Brivam neat Torbay 
“in Devonfoire, and is known by the Name of Laywell, It isa long Mile: 
“* diftant from the Sea, upon the North Side of a Ridge of Hills, lying’. 
“ between it and the Sea, and making a Turn or Angle near this Spring. -. 
** Tt is fituated in the fide of thofe Hills, near the Bottom, and feems to: 
“have its Courfe from the South- Weft towards the North-Eaft. Thereisa - 
**conftantly running Stream, which difcherges it felf near one Corner into a 
““Bafon about cight Foot in length, and four Foot and a half in breadth, 
** the Outlet. of which is at the fartheft-End from the Entrance of the 
** Stream, about three Foot wide, .and of a fufficient Height. . This I men- 
“tion, that a better Judgment may be made of the perpendicular Rife of the’ 
“ Water in the Bafon, at the time of the Flux or Increafe of the Stream. 
“Upon the Outfide of the Bafon are three other Springs, which always: 
“run, but with Streams fubject to a like regular Increafe and Decreafe with the 
*“former: They feem indeed only Branches of the former, or rather Chan- 
“nels difcharging fome Parts of the conftantly running Water, which could: 
“not empty itfelf all into the Bafon; and therefore, when -by means of the — 
** Seafon, or Weather, Springs are large and high, upon the Flux or In-: 
*creafe of this Fountain, feveral other little Springs are faid to break forth,: . 
“both in the Bottom of the Bafon and without it 5 which -difappear again 
“upon the Ebb or Decreafe of the Fountain, All the conftantly running: 

_ ** Streams put-together, at the time that 1 faw them, were, I believe, more’ 
“than fufficient to drive an Overfhot-Mill; and the Stream running into the 
** Bafon might be one half of the whole.- I had.madea Journey purpofely to’. 
* fee it, in company with a Friend ; when we came to the Fountain, we were’ 
*“inform’d by a Man working juft by the Bafon, that the Spring had flow’d- 
“and ebb’d about twenty times that Morning, but had ceas’d doing fo about 
““halfan Hour before we came. Lobferved the Stream running into the a : 
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for more than an Hour by my Watch, without perceiving the leaft Varia- 
tion in it, or the leaft Alteration in the Height of the Surface of the Wa- 
ter in the Bafon ; which we could obferve with great Nicety, by means of 
a broad Stone laid in a fhelving Pofition in the Water. Thus difappointed, 
we were obliged to go and take fome little Refrefhment at our Inn, afte 
which we intended to come back, and {pend the reft of our Time by the 
Fountain before we returned home. They told us in the Town, that 
many had been difappointed in this manner, and the common People 
fuperftitioufly imputed it to I know not what Influence,which the Prefence 
of fome People had over the Fountain. For which reafon they advifed, 
that in cafe it did not flow and ebb when we were both prefent, one of 
us fhould abfent himfelf to try whether it would do fo in the Prefence of 
the other. Upon our Return to it, the Man who was ftill at work, told us, 
that it begun to flow and ebb about half an Hour after we went away, and 
had done fo ten or twelve times in lefs than a Minute; we faw the 
Stream coming into the Bafon, and likewife the others on the outfide of 
the Bafon begin to increafe, and to flow with great Violence, upon which 
the Surface of the Water in the Bafon rofe an Inch and a quarter per-, 
pendicularly, in near the fpace of two Minutes ; immediately after which, 
the Stream began to abate again to its ordinary Courfe; and in near two. 
Minutes time the Surface was funk down to its ufualHeight, where it re- 
mained two Minutes more ; then it began to flow again as before, and in 
the fpace of twenty-fix Minutes flow’d and ebb’d five Times; fo that 
an Increafe, Decreafe and Paufe taken together, were made in about five 
Minutes, or a little more. S 
«© T coup obferve by the Mark upon the Stones, that the Surface of the 
Water in the Bafon had rofe before we came, at leaft three quarters of 
an Inch perpendicularly higher than when we faw it ; and I thought that 
I could perceive fome very little Abatement each Turn, both in the Height, 
and in the Time of the rifing of the Surface, and confequently in the 
Time of its finking ; but the Time of the Paufe, or ftanding of the Sur- 
face at its ufual Height, or equable running of the Stream, was lengthened, 
yet fo, as to leave fome Abatement in the Time of the Rifing, Sinking, 
and Paufe taken together ; this is all which my fhort Time would allow 
me to obferve. Many more things fhould have been taken notice of, as 
will appear from the Hypothefis propofed to explain thefe Phenomena. . 
“Burt before I enter upon explaining that Hvypothefis, I muft remark, 
what Difference er Agreement is to be found between this Account of the 
Fountain, and another publifhed in the Philof Tranf. Numb. 204. p. 9095 
gro. intwo Letters from Dr. Oliver to Walter Moyle Efq; The Doctor, 
places it a Mileand half from Brixaw, I fuppofe he means Brixham-Quay,, 
which is morethana Mile offfrom the Town. He gives the Dimenfions 
of the Bafon a little diferent from mine, making the Surface of it thirty 
Boot fquare ; whereas I make it thirty-fix Foot: He fays, that it ebbs 
and. flows very often every Hour, which is-certainly falfe, as appears both 
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by common Report,-and by my own Obfervation ; When it once begins Annotar, 
‘*“ indeed to flow and ebb, it continues to do fo feveral times inan Flour ; Lee. VU. 
“* but then there is after this again a certain Space of Time, ‘perhaps two wry 
“¢ Hours or more, when it russ with an equal Stream, without any the leaft 
© Variation; and this is a particular Circumftance not obferved inany Spring 
** whatfoever that I have heard of. When* the Door firt fiw it, viz. in 
“© Faly 1693, he faid that he judg’d the Flux and Reflux, as he cal's them, 
*¢ to be performed in about two Minutes ; if he means two Minutes each, it 
“< agrees very well with my own Obfervations: but as he had neither Glas 
** ner Minute-Watch with him, this Obfervation cannot be depended on, 
** When he faw it again, viz. duguj the fame Year, he judged it to flow 
** flower than before, which be explains by faying, that though it performed 
** its Flux and Refiux in a little more than a Minute (which by the way is ° 
“¢ quicker than before) yet it wou’d ftand at the low Wafer-mark two or 
“ three Minutes, which I fuppofe he calls flowing flower than before, be- 
* caufe the fpace of time between the end of the Ebb and the beginning of 
** the fucceeding Flux was longer. I had never read this Account till lately, 

** long fince my own Obfervaticns were made; but, if we fuppofe the Doc--- 
** tor to have made his Obfervations fomewhat nearer the Time when the 
** Fountain was to ceafe ebbing and flowing than I made nine, our Obfer- 
** vations will perhaps exactly agree, the Time of the Flux and Reflux be- 
** ing fhorter, the Time of the Paufe longer; but the whole Time of the 
* Flux, Reflux, and Paufe taken together, being fhorter by his Account than 
by my own. He fays, that he found it by his Watch to flow and ebb fix- 
** teen times in an Hour; I do not fuppofe that he made a whole Hour’s 
**-Obfervation ; which muft have fhewn him a Difference in the Times of the 
** Reciprocations that he did not perceive; but having obferved, that one 
*¢ Reciprocation, or a Flux, Reflux, and Paule, took up the fpace of four » 
*¢ Minutes ; he from thence computed, as I imagine, that would be fixteen 
* inan Hour, prefuming that there was no Alteration in the Times. In this 
* fenfe 1 would underfand him, when he adds, that he was informed it 
“ fometimes flowed twenty times in an Hour. For, according to his Obfer- 
** vations, it flowed at the Rate of fixteen times in an Four ; according to 
«© my own-Obfervations, at the Rate of twelve times in an Hour; perhaps » 
*¢ before my Obfervation at a lefs Rate, and after his at a greater. So that in 
“a whole Hour, according to the feveral Rates taken together, it may flow 
“and ebb about nine or ten times, according to another Account which I 
“ have received; but of this I can affert nothing certain, 9r upon my own 
** Obfervations. The Doétor adds, that when the Water in the Bafon began 
“ to rife, he obferved a Bubbling in the Bottom of the Bafort, which cealed 
“€ when the Water-began to:fink, This I did not fee, becaufe the Springs 
“ were {niall and low, by means of a dry Seafén; but it'was confirmed to 
“ me by the Report of Eye-Witneffes, as is before obferved. 

““ Havine thus compared. the two Accounts given of this Fountain, I 
“ come now to my Hypothefis, for explaining the Phenomena obferved 
* by me;..and:J imagine them to be occafioned by two Streams or Springs, 
‘Sone 
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Annotat. “ one of which paffing through two Caverns, or natural Refervoirs, with Sy- 
Lea.VIIL “ phons, meets with the other Stream in a third Refervoir, without a Syphon, 
woman “¢ where being joined, they come out of the Earth together. This complicated 
.& Piece of Machinery will be beft underftood by beginning with an Explana- 
-« tion of the more fimple Parts firft ; in doing ef which, we fhall have an 
«¢ Opportunity of confidering fome other forts of Fountains, which have al- 
-& yeady been obferved, or may hereafter be found to be in Nature. 

“© Tue Petitio Principii, or Suppofition of Refervoirs and Syphons in the — 
Bowels of the Earth, has been made by others; Pére Regnault, in his Phil. 
Converfations, Vol.2. Conv.6, P.125, &c. Eng, Edit. has mention’d it in 
general ; and Dr. Defaguliers, in Phil. Tranf. Numb. 384. has attempted to 
apply it to two Cafes in particular; as Dechales, Tract. xvi. de fontibus Na- 
turalibus, €fc. Prop.xv. had done in two other Cafes before him. Nor is it 
unnatural, or hard to be granted. Whofoever has feen the Peak of Derby- 
foire, the hilly Parts of Wales, or other Countries, muft be fatisfy'd that they 
‘* abound with Caverns of many forts. Some of them are dry, others ferve 
only for Paflages, or Channels to Streams which run thro’ them ; and a third 
fort collect, and hold Water till they are full. They mutt likewife have ob- 
ferved, that there are fometimes narrow Paflages running between the Rocks, 
which compofe the Sides, and going from one Cavern to another, fuch a 
Paflage, of whatfoever Shape or Dimenfions, how crooked foever in its 
Courfe, if it be but tight, and runs from the lower Part of the Cavern, firft 
upwards to a lefs Height than that of the Cavern, and then downwards 
‘© below the Mouth of the faid Paffage, will be a natural Syphon.” ¥ 
Plate 16. A NATURAL Refervoir then, Plate 16. Fig.7. ABCD, with fuch ana- 
Fig. 7. tural Syphon, MN P, may be fuppofed. Let a Stream, which I fhall call 
the Feeding-Stream, enter it, near the Top, at QO. The faid Cavern muft 
contain all the Water which comes in at O, till it is filled to the Top of the Sy- 

phonat N. Then the Syphon beginning to play, and being fuppofed always — 
to difcharge more Water than comes in at the Feeding-Stream at O, will empty 
the Cavern, till the Water is funk in it below the Mouth of the Syphon at M3 
when it muft ftop, till the Cavern is filled, and the Syphon runs again, as be- 
fore. Ifthe Water difcharged by fuch a Syphon, M P, be brought out of the 
Earth by a Channel PQ, the Water will flow out of the Earth, and ftop al- 
ternately, making an intermitting Fountain at Q. 
By this plain and eafy Contrivance, feveral of the flowing and ebbing 
Springs obfervad by the Naturalifts may probably be explained, and even a 
much greater Variety of them than is hitherto known. For if the feeding 
Stream at O fhould arife only from the Rains in Winter, or from the melting 
of Snow in Summer, the intermitting Fountain would become a temporary’ 
Spring, as Dr. Plot calls fuch Springs which are confined to a Seafon: or if 
the feeding Stream at O fhould be conftant, but yet liable with other’ 
Springs to increafe and decreafe, arifing from the Seafons, Weather, or other 

Caufes, the Conftruétion of the Syphons would make great Alteration ; for — 

when the Syphon is fo made, that its Difcharge (which is continually de-’ — 

creafing, as the Surface of the Water fubfides in the Cavern) fhall at any time 
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be equal to the Feeding-Stream entering at O, in fuch a cafe, the Syphon muft Annotat. ° 
continually run, and yet not empty the Cavern, till the Feeding-Streamat O Le@. VI. 
- is fufficiently diminifhed. But when the Diameter of the Syphon at N, ace 

cording to the Height of the Cavern, is fo great, and the Feeding-Stream at Elate 16. 

O fo fmall, that the Syphon can carry off (in the manner of a Watte-Pipe) “© 7 
allthe Water which comes in, and yet not run with a full Stream, the Syphon 

muft then continue to run without emptying the Cavern till the F eeding- 

Stream at O is fufficiently enlarged. So that by thefe different Conftructions 

of the Syphon there may be fome Fountains which fhall flow conftantly in the 

Winter, or a wet Seafon, and intermit in the Summer, or a dry Seafon; and 

on the contrary, others which thall flow continually:in the Summer, or a dry 

Seafon, and intermit in the Winter, or a wet Seafon. There isa third Va- 

riety; which may arife from the Make of the Syphons, and will occafion fuch 
Irregularities as admit of no certain Explanation. This happens when the 

Difcharge of the Syphon at the very laft is juft equal to the Feeding-Stream, 

and the Cavity of the Syphon at N is large ; for in this cafe the Air-bubbles, 

made by the Fall of the F eeding-Stream from O, to the Bottom of the Cavern) 

will fometimes accidentally get into the Mouth of the Syphon at M, and. lodg- 

ing at N, will fo choak it, as to render its running and topping, as well as the 

Quantity of its Difcharge, entirely uncertain ; fo that thefe fort of Fountains 

will admit of no farther Confideration. 

_ Bur before I leave the Confideration of Fountains explicable by one Refer-) 

voir and Syphon, it may not be amifs to obferve, that thofe which intermit 

regularly will have their Flux always longer, and their Paufe, or Intermiffion, 

fhorter in Winter, and in wet Weather, than in Summer, or ina dry Seafon ; 

which is a Confequence of this Hypothefis, by which it may be examined, 

whether it be applicable to any particular intermitting Fountain, or not. 

Ir the fingle Refervoir and’ Syphon has another Outlet at R, Fig. 8. fituated Plate 16. 
between the Bottom.C D of the Cavern, ‘and the Top of the Syphon N, we Fig. 8. 
fhall have another kind of Fountains. For if the Feeding-Stream at O is ca- 
pable of being difcharged by the Out-let at R, a Fountain derived from R will 
continually run, whilft the Feeding-Stream can be difcharged that way, and 
will encreafe and decteafe with any little Alteration happening to the Feeding- 

Stream at O, provided that the faid Stream does not grow too large for the 
Out-let at R. But in that cafe the Cavern mutt be fill’d up to N, and the Sy- 
phon may begin to play ; which, together with the Out-let at R, may dif- 
charge {o.much as to make the Surface of the Water in the Cavern fink below 
R, and confequently the Fountain proceeding from R muft ftop. If the Dif- 
charge of the Syphon is fo great as to empty that Cavern, then the Fountain 
derived from R will, after fome time, begin to run again, and encreafe till the 
Water rifes in the Cavern to N ; after which it will decreafe, and at length 
ftop. But if the Difcharge of the Syphon only keeps the Surface of the Water 
below R, without emptying the Cavern, then the Fountain derived from R 
fhallibe dried.up, fo long as the Stream at O continues encreafed, and fhall 
tun again when the faid Feeding-Stream is leffened. Thus we. may have 
aSpring which hall run all Summer,’ and-be dry all Winter : fuch a Spring 
Vou Aa will 
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will encreafe juft before it begins to fail, 7 e. whilft the Water in the Cavern 


Lect. VIIL is rifing to N, will be dried up fooner in a wet Summer, and break out later 
+ in a wet Winter, contrary tothe Nature of other Springs. Which Particulars 


Plate.16. 
Fig. 6. 


are worthy of Obfervation in {uch fort of Springs, (of which it is faid we have 
fome in England) and will ferve to difcover, whether they are occafioned by 
this kind of Machinery, or not. © . | 

Ir the Syphon, Fig.9. M N P. of the Refervoir ABCD, having no 
Out-let at R, fhould difcharge itfelf into’ a fecond Refervoir, E F GH, ofa 
{maller Capacity, but furnifhed with a Syphon S TV, which difcharges the 
‘Water more plentifully than it comes in 5 a Fountain derived from this fecond 
Syphon S T V, would flow and intermit, whilft the firft Syphon M N P con- 
tinued running, ie. ’till the great Refervor A BC D fhould be emptied. 
After which, it would entirely ftop till the faid Refervoir A BC D was filled! 
again by the Feeding-Stream atO, and then it would flow and intermit, asbefore. 

Sucu a fort of compound Fountain would be liable to all the Variations of 
the former Fountains derived from a fingle Refervoir: if we take the Fits of 
flowing and intermitting of this for the Flux of the former ;»and a long Stop: 
in this, whilft the great Refervoir is filling, for the Paufe or Intermiffion of the 
former. Befides which, we muft remark, that as the Flux in the former 
Fountains may be thanged, and be made longer or fhorter ; fo in this, the 
number of Intermiffions during one Fit of flowing and intermitting, may not’ 
always be the fame, becaufe of the different Capacities of the two Refervoirs, . 
and a Difference, ot Change, occafioned in the Feeding-Stream at O. » For 
if, whilft the great Refervoir A B C D is emptying, the ‘little Refervoit: 
EF GH hhould empty itfelf nine times, for inftance, and be full again, the 
Fountain derived from its Syphon ST V muft have nine Intermiflions in one 
Fit, and ten in another, alternately, whilft the Feeding-Streamat O remains the 


- fame, But the Feeding-Stream at O, being leflened or enlarged, without making. 


the Syphon M N R runcontinually, the number of Intermiffions in each Fit will 
be diminifhed or augmented accordingly. But *tis peculiar to this laft fort of: 
Fountains, that in each Fit of flowing and intermitting, the firft Flux will be 
larger and longer than the fecond, and the fecond than the third ;. but the firfb- 
Intermiflion will be fhorter than the fecond, and the fecond than the third : be- 
caufe the Syphon M N F running fafter at the firft than atthe laft; the Refervoir 
EFGH mutt bea fhorter time in being filled, and a longer time in being emptied : 
the fir time than the fecond ; the fecond than thethird, and fo on. As to the 
whole Time of the firft Flux and Intermiffion, in comparifon of the whole T ime; 
of the fecand Flux and Intermiftion, it is a Particular, requiring fo many things 
to be taken into Confideration, for determining it in each Cafe, that I fhall wave 
it here, and content myfelf with fhewing that it may be longer, by.an Experi 


ment that will prefently be made, Another Variety.in this fort of: Fountains 


might be made by a fecond Feeding-Stream Z, coming into the fecond Refervoit 
E FGH, butthe bare mentioning of that will at prefent be fufficient.. 
Ir in the Contrivance of a fingle Refervoir and Syphon, the Stream derived 


from the Syphon fhould fali into another Refervoir, Fig. 10. IK K L, having. | 


no Syphon, but only a’ common. Out-let X,.and fhould in this Refervoir 
meet 


~ 
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meet and join with another Stream conftantly running, a Fountain derived Annotat. 
from the faid Out-let X would bea reciprocating Spring ; by which Name I Le@. VIII, 
call thofe Springs which flow conftantly, but with a Stream fubject to encreafe Ly 
and decreafe, to diftinguifh them from intermitting Springs, which flow and Plate 16. 
ftop alternately. And if the Out-let X be too {mall to carry off all the Water !'8: '° 
brought into the Refervoir I K K L by the Syphon, over and above what is 
brought in by the conftantly running Stream W, then the Surface of the 
Water in the faid Refervoir 1K K L mutt continually rife, till the Velocity of 
the Stream going out at X, is {ufficiently encreafed, to carry off the Water 
coming in. Upon which, the Difcharge of the Syphon being continually lef 
fened, the faid Surface will again fubfide, and the Velocity of the Stream at 
X% will diminith ; fo that both the Encreafe and Decreafe in this reciprocating 
_ Fountain will be gradual. . Befides, if the Refervoir L KK L, or the Channel 
derived from it, fhould have any Leaks, Crevices,.or other Out-lets, the 
Water will iffue through them upon the rifing of the Surface in the -faid Re- 
fervoir, and occafion Springs, which will ceafe again when the Surface fub- 
fides. Let us now fuppofe fuch a Refervoir, Fig, 11. IKK L, witha CON- Plate 16. 

fiantly running Stream W, and an Out-let X to receive the Water of a Syphon Fig. 11. 
ST V,, coming through two Refervoirs ABCD, and EFG H, as before *. 
defcribed. A Fountain derived from X,.in this Cafe, would be an intermit- 
ting, reciprocating Spring, whofe Stream would reciprocate, but whofe Reci-  / 
procations would fometimes {top, and have Fits of Intermiftion. 

_ Suc, in all probability, is the Fountain called Laywell, before defcribed, 
whofe Phenomena gave occafion to thefe Thoughts, and feem) capable of 

being accounted for by fuch a Contrivance. And, for.the better Difcovery of 

the Nature of this Fountainy whether it is owing to fuch a Piece of natural 
Machinery, or otherwife, it would be proper to obferve the Length of Time 
of each Encreafe,. Decreafe, and Paufe in every Reciprocation, together with 

the number of Reciprocations in every reciprocating Fit, and likewife the 
Length of the Intermiffions of the faid Fits. Thefe Obfervations fhould be 
continued for fome time, both in a fettled Seafon, when the Feeding-Stream 
at O cannot change, and in variety of Seafons, when the {aid Stream may be 
altered, ) 
_._ Havine now brought thefe Thoughts to the End propofed, viz. an Ex- 
planation of fuch a Fountain as Laywell, I thall carry them no farther; but 
conclude, by prefenting to the View of the Society an artificial Fountain of 
this kind, Fig. 11. which being very eafily made, may be buried in the Bot- 
tom, or Slope of a Terrafs, where a conftant Stream of Water can be brought, 
and will furnifh us with a new fort of Water- Works in Gardens... The.two 
Refervoirs AB CD, EF G H, with their Syphons MN P, ST V,. and 
the third Refervoir 1 K K L, with its Out-let X; are included in a Box 
YY YY. Into this Box at aenters a Funnel PAL, divided within the Box 
into two Pipes, viz. aO, which ferves for a Feeding-Stream to the great Re- 
Mervoir, and 4 W, which ferves for a-conftant Stream to the third Refervoir. 
A Stream of Water being let into the Funnel Da Lr, will difcharge itfelf like 
fuch an intermitting Fountain at X, where there is a Bafon Y ZZ Z without 
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Annotat: the ‘Box to receive it with ‘an Outlet e, and a Diagonal ‘Gage ZY, 'to 
Lea: VIL. mark the Rife‘and Fall of the Water inthe Bafon. 
Sn died 


5. [18.——The beft way of ‘making the Valves, &e.- +] Monfieur Belidor, 
in the fecond Volume of his Architeéture Hydraulique, mentions a new kind-of 
Valves of his Invention, which he'preférs to‘any that he ever faw; ‘and in ‘the 
Account of the great Improvements 'that he made to the Machine of 'the Sama- 
vitaine upon the Pont neuf-at'Paris, he mentions thefe new Valves, ‘and his 
new Piftohs, ‘as'the’principal ‘Parts alter’d much for the better. All the Ob- 
jection I have againft them, js, that'I think it very difficult for the Workmen 
to make them, otherwife I'think'them extremely well contriv’d’; ‘and’fince ‘he 
found Workmen that made thofe which'he ufed at the Renewal of the’ Machine 
of the Samaritaine: | thought it 'would'be acceptable to the Reader to give 
‘Diaughts and Defecriptioris of them here. 3 ) 
° Platerng. “Fig, 1, °25 35 4s. %5"6,°7. 
a Plate 17: Tue fit Figure reptefents-a round Plate of Brafs, ‘one half of *which is 
‘Fig. 1, 2, 3. chamfer’d upwards, “arid the ‘other half downwards. The Half C'‘A D, ‘which 
OPS: 7 ag greater by =', than the other Half B, ‘is taper’d’ on the under Side from L to 
A, as'you may fee’ plainer in Fig. 7. where the fame’ Letters are ufed. ‘The 
‘other Half B is taper’d on the upper Side, as may alfo be feen in Pig. 7. at 
BM. On the'upper Side of this Plate, ‘hearer B than'the Center G, ‘is fcrew’d 
on’with three Screws, an Axis'E‘'H' F, with Gudgeons or Pivots EF, on 
which the Plate turiis in its Motion. ‘The fecond°Figute fhews how this Axis 
‘is faften’d to the’ Plate. HTB TEO MSI, VA BM Ne 
Tue third Figure repreferits the Box, ‘or Bedof’ the Valve,’ chamfer’d 
downward on’ all the femi-circular Side L, to teceive the Part A L of Fig. 1. 
falling upon! it: and the’ other Part B, quite'to A’A, the: Place ‘where the 
‘Pivots ‘of the “Axis are to réeft, ‘is chamfer’d upwards from below, ‘to’ receive 
the Part Blof the Valve of Fig.1.-coming-up againft it. From thefe cham- 
" ofey’d "Edges 'on the Infide, this Bed'of the Valve fpreads into’a flat’ Ring to'be 
epinch’d between the Flaitnches of the Pipes, (whether of fron or Brafs) which — 
are {crew’d together with Leathers between, to make all tight. The fourth — 
-Figure reprefents the Section of this Bed, whete O P reprefents its upper Part | 
chamfer’d downwards to receive G LA, the greater Half of the Valve of Fig. — 
‘y, "falling apon it:*and Q°R, chamifer’d upwards, receives the fmalleft Half B 
“of the Valve of Fig. 1. rifing againft it, as it fhuts. ‘The Valve thus fhut in — 
its’Bed, ‘or Bore, ‘is reprefented in Plan’ by Fig.'5. where you may fee thatthe — 
Pivots, or Bands of the’Axis, are’kept'in their Places by femi-circular Bridles, | 
‘that go over them at Cand|D. “The'Sedtion of the fame Valve fhut may ‘be 
* “feen at ‘Fig. 6. where MBH G reprefents the lower and leffer Half of the | 
| ‘Walve fhut, ‘and applied upwards "to-the under Part’ of the Bed at Q R 3" and 
“L A°G H'reprefents'the bigger “Half of “the Valve fhut, and applied down- 
‘watds to the Bed at'O' P. “K ‘fhew8’one' of the’ Bridles pinn’d, which holds 
‘down the Pivots, °or' Ends of the “Axis, | re | 
oy dy Os . “HE | 
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the former Piftons) but are: here faften’d between the Handles C, D, ferew’d 
on with fmall Screws upon a Return of the Cylinder. 

Q (Fig. 12.) fhews the Valve upright-upon its Bed, Hand L the Hollow 
of the. Cylinder, and IK the Leathers: The Handle here is at top, “with its 


‘Rod. and Center-Pin; but. is very apparent and)eafy to be underftood from 


what has been {aid before. ¥ | oO ’ 
_ Figure 13. reprefents the Pifton with only one of .its Handles-at-C; the 
other being taken off, the better to fhew the Valve upright and in Front at Q. 
AB is the Return of the Cylinder, on which the Bed of the Valve is fcrew’d, 


and HL the Place of the Leathern Rings.) . 


Fic. 14. fhews the Pifton look’d upon downwards, from the Center-Pin 
that goes through the Handles. O P, O.P, are the Handles traverfed by the 
Center-Pin, but the Rodis off. .MM,.N\N are the Places where:the Bed of 
the Rod is fcrew’d, and Qis the Valve fhut. You have here twoScales, in 
Diameters of the Barrel of the Pumps in which thefe Valves and Piftons are 
ufed,——the one larger for the Valves, and the other lefs for the Piftons. 

N.B. Thefe Piftons require to be very exact, turn’d in a Lathe when fitted, 
and the Barrels in which they work to be nicely bored, otherwife they will not 
be tight. But if you add to them a thin Leather, folding upwards at AB, 
(Fig, 12.) and another folding downward at F'G, theyll do any where, and be 
tight notwithftanding fome Irregularities. Such a Leather may be feen in our 
Force-Pump, Plate 15. | | 


H 


Be 3h 255 If it be defired to know to what Height Water will rife in any 
Pump at every Stroke of the Pifton, it can be found by Algebra; provided the 
Play or Stroke of the Pifton, and its Diftance from ihe Surface of the Water, be 
known. ce . ace 

ae us firft take the Sucking-Pump, in which it is neceflary to remember 
what has been faid before, that when the Bucket has been raifed, and confe- 
quently the Water has got up to any Height in the Pipe, the, Weight of the 
outward Air is held zx Aguslibrio by a mix’d Column. in the’ Pipe,:made of 
‘Air ftilla little dilated, and of a certain Quantity of; Water. Whence: it fol- 


lows, that the dilated Air in the Pipe has a, Part of the Weight of the Atmo- 


{phere, and the Water has, the remaining Part ;.and confequently that thofe 
two Weights being expreffed by way of Fractions of, the Weight. of the Atmo- 
{phere, and added together, are equal to Unity, or tbe Number One... 

” ‘Ter us now take twelve Foot for the Diftance of the Bucket from the Sur- 
face of the outward Water,when itis at the loweft, and, 4. Foot for, the Length 
of the Stroke; fo that it moyes from 12 to 16 and let us call « the, Height to 
which it has raifed the Water in the Pipe by the firft Stroke; Then it is evi- 
dent that the Air which, before the Rifing of the Pifton, was contained in 
B D= 12, isnow contained in AC =16 — x, and confequently that itsWeight 
or Preffure is +2—x of what it was before, that is, of the whole Atmofphere. 


The Weight of the Water got tox, is = of the Atmofphere; fuppofing a 
Column-of Water 32 Foot high, equal°to the Weight of the whole Air ; For 
: | if 


_ 


. 
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if « were one Foot, it is evident it would be .!, of fuch a Column, (andvit is'\Annotat. 
the fame of any Height) thefe,two Fractions being together equal to the whole Lé@:VIHI, 
Atmofphere, gives the following Equation: yt: ait A tee 

x= 1, then . s 

384-+ 16” —w~ = 512 — 32 x freeing it from the Fraction — HP AB ee 

128 by Tranfpofition. ~~ 060 SOs she | : 
Changing the'Signs .w* ~~ 48 # = 22 7282° 5s lay, lansing 
** 48 +576 = 448 compleating the Square, Since= i, dele.) bc 
576 — 128 = 448 ery 

N — 24 == — 21,166 extracting the Roots 
_ ¥ = 2,834 by Subftraction.. le; athe, . 

To calculate the Rife of Water at the {écond Stroke, call it x as before, .(it 
is the Height to which the Water has rifen at the fecond Stroke above .the 
Known Height to which it rofe at the firft,) the Equation becomes | 
— 2,834 0,166 58 x Pe . . 
456 Sota —_ eee Hi nee ee 1, which*after the due Reduction 
makes ¥ = 2,264 *, or making x = the Height to which. Water has rifen by 
the two firft Strokes together, the Equation becomes ot == 1’: which be- 
ing reduced, gives w+ 5698,’ from which Number if 2,834, the Rife caufed 
by the firft Stroke, be fubftraéted; the Remainder is 2,264, for the Rife caufed 


by the fecond:Stroke as before. © The latter Equation has this Advantage above 

the former, that’ it is more eafily ‘reduced. It is evident that it will ferve to 

find the Rife at every Stroke ; only changing the Numerator of the ‘firtt Frac. - 

tion, which always is 12 lefs the Fleight to which Water was rifen before. 
Arter this Method it has been calculated that the Water rifes 


Addition, 

at the firft Stroke, 258 4dh. , 
at the 2d, - 2,264... 5,098 
3d, ————.. 2,026... F129 
4th, 25043.. 9,166 
5th,————. 2,413, . 11,579 
6th, 3,620.. 15,199 


APTER almoft the fame way we can calculate what is the greateft Height - 
to which Water can rife in a Pump, which is not able to bring it to the Buc- 
ket: As for example, let us fuppofe the Diftance of the Bucket from the Sur- - 
face of the outward Water to be 25 Foot, and its Play or Stroke to be three 
Foot, fo that it moves from 25 to 28, and let us call w the greateft Height to 

which it can raife Water. Then it is evident that the Air which was contained. 
in 25— x, when the Bucket was down, is contained in 28 lefs *, when it is | 


: up, and confequently that its Preffure js —— of what it was before, viz,-of 


2 


the 


*By-a fecond Trial that Equation x is found = 2,226, and in the latter x = 5510s 


r” 
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Aimotat/thée whole Atmofphere. The Weight of the Water which is got up“to x). 
i edt. VAIL. beitig és of the fame Atttiofphere, and thofe two Fractions being together equal 
to an Integer or Atmofphere, we have the following Equation : 

i 1, then 
BS yO HEF Be mem TO ix s : eee 
800 — 32% + 284 NS 896 — 32 « freeing it from the Fractions. 
x?-28 « == — 96 by Tranfpofition, and changing the Signs, 
x~— 28 + 196 =100compleating the Square... 
x —14 +10 extracting the Root. 
x —= 24 by Addition, or 4 by Subftraction. | 
Tuts fhews that there are two Heights, 4 and 24 Foot, to which if the 
Water rifes in the Pipe, its Weight, together with the Preffure of the dilated 
Ait in thé Pipé, will hold the outward Air in Aiquilibrio. 

- Tr the Water was to be poured to any Height between them two, it would 
be too heavy; and in all Heights above 24, or below 4, it would be too 
light. 4 Foot is therefore the Height to which fuch-a Pump can raife the Wa- 
ter; for tho’ 24 anfwers as well to the Weight required, as the Water would 
become tao heavy at all Heights between 4 and 24, it cannot rife above 4. 

“Tue fame Rule will ferve for any other Cafes. * 

. Tue Rife of Water an Forcing-Pumps, may >be calculated after the fame 
manner, by taking the oblique Pipes, as if they were perpendicular ones ; be- 
caufe the Direétion of them changes, nothing, as to the Dilatation of the Air. - 

"THERE is no occafion for it in the Lifting-Pump, which works merely by 
the Valves, without any Dilatation of the Air, and where the Rife of the Wa- 


ter at every Stroke, is equal to the Stroke itfelf, 


LECTURE 


185. 


hrs Cotioe U-aiRy wy ahiX, 


HYDROSTATIC KS, 


Weight in that Fluid, as a Bulk of the Fluid equal to the —~—w 
Body weighs ; and the Fluid gains as much Weightas the Body Fis, bis 
weighed in it lofes, 


I. A Body fpecifically heavier than a Fluid, lofés as much of its Le@, IX, 


EXPERIMENT 1, Plate 18. Fig. 1, 

C is a Cylinder of Lead weighing five Pounds and an half, made of 
fuch a Size as exactly to fill the Bucket, or hollow Bra Cylinder A, which 
Cylinder is a Counterpoife to the Weights P p in the Scale B, at the op- 
pofite End of the Balance EF, on which it hangs. The Lead C is 
kept zn Aquilibrio by the Weights of P of 5 Pounds, and of -half a 
Pound, in the Scale B. Now let the Jar of Water D, filled up to S$, 
be kept 72 Aiquilibrio in another Balance by W in the oppofite Scale G, 
Now let C, as it hangs, be brought over the Jar D, and let down into if 
and the Lead, as it finks under the Water, will lofe of its Weight; fo 
that you muft take out the little Weight p to reftore the Lead (now im- 
merged under the Water) to its Asquilibrium: But as by the Immerfion 
of the Lead into D, as at C, D with its Water will become heavier, 
you muft put the Weight p, taken from the Scale B, into the Scale G at 
W ; by which means you will reftore the AZquilibrium to D, balancing 
what the Water had gained. This proves that what the Lead lofes the 
Water gains. Now to prove that the Lead lofes juft as much as an equal 
Bulk of Water weighs ; let the Jar D be fixed, and the Weight 9 left in 
the Scale B; then the Lead C will not be wholly immerfed in Wa- 
ter, till you fill the Cylinder or Bucket A with Water, whereby the Lead 
will fink to C, fo as to be covered with Water, which it will raife to s s, 
and its Equilibrium with the Scale B will be reftored, “Thus the Quan- 
tity of Water that filled A, appeared equal in Weight to what the Lead 
loft; becaufe being added to it, it reftored it to its fEquilibrium (when 
the Lead was immerfed:) And we have proved it equal in Bulk to the 
Lead before, becaufe the Lead juft fills the hollow Cylinder A when put 
into it, Now again, let us take the Lead out of D, which being let 

, Bb loofe, 
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Leé. IX. loofe, will on the Beam ‘VW be counterpois'\d by the Weight W in the 
~~ Scale G; then pouring into D the Bucket full of Water A, the Surface 


Plate 18. 
Fig. 2. 


SS will rifeup to ss, and D become heavier, till it be counterpois’d by 
the Weight p,. replaced near W in the Scale G ; the Water. being rais’d 
to thé fame Height by that Addition, as when the Lead was immers’d in 
it, whofe Immerfion did the fame as encreafing the Bulk. of the Water 
in Proportion to the Bulk of the Lead. : 


CoROLLARY. : 
Hence it follows, that what the Water gain’d, was not in Proportion 


to the Weight, but the Bulk of the Lead: and that the Water would 


have gain’d as much by the Immerfion of any other Body of the fame 
Bulk as the Lead; and that any other Body of the fame Bulk as the 
Lead, would have loft as much Weight as the Lead loft; not fuch a 
Proportion of its own Weight as the Lead loft. 


CoRoLLARY 2. ' bash 
Hence follows alfo, that if a Body fpecifically lighter than Water, 
as big as the Lead, be held in it by Force, it will add to the Weight of 
the Water as much as the Lead did in the laft Experiment. It may 
be thus proved ; 


ExpeRIMENT 2. Plate 18. Fig. 2. 
Ler. there be a Cylinder C of light Wood, hanging down from a 
fix’d, Body as'G.H ; this Cylinder muft be of the fame Diameter with 
the Lead, but may be much longer, and muft have a Mark or circular Line 
atc, to fhew how much of it is equal in Bulk to the Lead. Then let the 
Balance mark’d Vin Fig. 1, (with the Bucket hanging from E, and the 
Scale G at the other end, having in it the two Weights W and £) be brought — 
to GH and C: the Jar-or Glafs Bucket D, which is. now over-balane’d 
by the oppofite Weights, will take in the wooden Body C into its Wa- 
ter'up toc, and then: be in equilibria with the Weights in the oppo- 
fite Scale; which fhews that the Water gains the fame by the Immer- 
fon of any Body equal in bulk to the Lead, whatever be that Body’s 
fpecifick Gravity. 


SCHOLIUM. 
Since. the Water that fill’d the little Bucket A, Fig. 1. was equal 


~ in Bulk to the Lead, and in Weight to what the Lead loft, and the 


Lead loft the Weight of P which was half a Pound, the whole Lead 
| weighing 
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weighing 5 Pounds and 4, it appears that Lead is eleven times {pecifi- Lett. 1X: 
cally heavier than Water. Now if you fubtraét the Weight of an equal ““~ 
Bulk of Water from the Lead, or 1 from 11, (that is, 1 half Pound 
from 11 half Pounds) there will remain 10, the Weight with which 
the Lead defcends in Water, and this is callled its refpeciive Gravity. 
Thus in any Body that finks in Water, it is the Weight which a Body 
continues to have in Water, when you have deducted ftom it the 
Weight of an equal Bulk of Water, and that it defcends with, N. B. 
The fame may be faid of any Body that finks in any other Fluid what- 
ever, viz. that it defcends with its refpeétive Gravity. Plate 18. 
igs) 3 
| EXPERIMENT 3. Plate 18. Fig. 3. 
2. Ir a Solid S, fpecifically heavier than feveral Fluids WW, be 
weigh’d firft in Air, and then fucceffively in thefe F luids, it will thew 
their different fpecifick Gravities, which will be in Proportion to-what 
it lofes of its Weight in thofe feveral Fluids, that being the heavieft 
Fluid in which it lofes moft of its Weight. - 


3. A Fruip WW may ferve to find out the fpecifick Gravity of any 
folid Bodies {pecifically heavier than it felf: That folid having the 
greateit {pecifick Gravity that lofes leaft of itsWeight, when weigh’d in it, 


4. A Frutp fpecifically heavier than féveral Solids may ferve to find 
their fpecifick Gravities, if they be made to fwim in it; for their fpe- 
cifick Gravities in refpect to each other, will be astheir Parts immers’d, 
The Manner of doing this has been already {hewn *, * Leét. 7, 


5. A Sorin fpecifically lighter than feveral Fluids, will ferve to find out 
their different fpecifick Gravities ; for it will fink deepeft in the Fluid whofe 
{pecifick Gravity is the leaft: An Inftrument made for this purpole plate 19. 
is called an Hydrometer or Water-poife, and by fome an Areometer |j. It Fig. 4. 
confifts of a {mall even Glaf Tube A B, Fig. 4. hermetically feal’d, ha- 
ving on ita Scale mark’d of equal Divifions, with an hollow Ball of about 
an Inch Diameter at bottom, Fig. 4. and a {maller Ball C under It, com- 
municating with the firft. The little Ball has Mercury or fmall Shot 
put into it (before the: Tube be feal’d) to make it fink! in Water below 
the Ball; for Example to E, and ftand upright in the Liquor in which 
it fwims, the Divifions upon the Stem fhewing how far it finks. This, 
if in common Water it finks to D, in fale Water it will fink only to 
E; in Port Wine it will fink to F ; and in Brandy under Proof it will 
ht : Bbogpecs ~ perhaps 


|| Seethat Word in Harris's Lexicon Technicum. 
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Lect. IX. perhaps fink to B. This Inftrument of the common fort is of no far- 
~~ ther ufe, than to fhew that one Liquid is {pecifically heavier than ano- 


Plate 18. 
Fig. 4. 


* Ann. Ie 


+ Le&.7 
N* 14, 


Plate 18. 
Fig. 5. 


ther; but the true fpecifick Weight of any one Liquid is not fhewn 
without Difficulty, by making a Calculation for that particular Hydro- 
meter; which muft have its Tube truly cylindrick, and not tapering as 
they commonly are. But the worft is, that thefe Inftruments will not 
ferve for Fluids whofe Denfities are confiderably different ; for if they 
ferve for Waters and Wines, they will fink to the Bottom in fpirituous 
Liquors ; and if they be fitted for Spirits, the whole Stem will emerge 
below A in Waters and Wines. But ifyou ufe this only for different 
Waters, or Fluids that difter very little in fpecifick Gravity, they may be 
made very ufeful, See the Notes, in which a very nice one is defcrib’d, 
with Improvements upon, the Inftrument *. 


6. Ws have already fhewn + in our 7th Lecture, that a Body fpecifi- 
cally lighter than a Fluid, ifit be placed under the Surface of. the Fluid, 
will emerge and come to the Top of the Fluid; but we have not fhewn 
with what Force it wou’d rife, The Force with which the light Body 
emerges, is the refpective Gravity of the Fluid compar’d with the Body. 
For if Water, for Example, be 4 Tumes {pecifically heavier than the 
Body, it will have its refpective Gravity 3, whereby the Body will rife 
with the Force 3; that is, an equal Bulk of Water ftriving to defcend — 
into the Body’s Place with the abfolute Force 4, while the Body, gravi- 


‘tates downwards only with the Force 1, the Water difplaces. the Body, 


and makes it rife with the Force 3. 


ExpERIMENT 4. Plate 18. Fig. 5. 

D js an hollow Cube of Tin (or white Iron) of two Inches the fide, ~ 
weighing an Ounce, being 4 Times, fpecifically lighter than Water, of 
which a Cube of the fame Bulk weighs 4 Ounces. AB is an inverted 


_ Balance, moving round. the Center C, fix’d to a Weight to keep it 
from being rais’d out of its Place. EF isa great Jar of Water, fill’d up 


with Water to the Line SS, on the Surface of which the Cube fwims, . 


finking only one Quarter of its Depth ; but its under Part is faften’d 


by a String to. the End.B of the Balance AB, in fuch manner that if 
the other End be, pull’d up. to bring it to an horizontal Situation, the 


Cube will, be brought quite under Water, from d toD. In order to 


do this, let the faid Plate E, making equilibrium with the Weight of 
the Scale G of the Balance M N be fo placed, that a String from the under 
Part of the Plate E is faften’d to the End A of thé Balance at a, while 


the Balance is in the oblique Pofition a). Then putting 3 Ounces i 
the 
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the Scale G, the Cube will be drawn all under Water as the Balance is Le&t. IX: 
brought down to the Pofition AB. Which proves the Affertion above, —-—~ 
N. B. This may improperly be call’d weighing the Levity, or Levitation of 
a Body. I fay improperly, becaufe the Body does not rife-as it is light; 
but as it islels heavy than theWater that di/places tt. 


7 WHEN the Body D is loos'd from the Balance A B, it will rife up Plate 18. 
to the Surface of the Water, one fourth Part remaining under Water, fig: s-and 6." 
and the other three fourth Parts {tanding up above the Surface ; in which 
cafe, (as in all floating Bodies) a Bulk of Water equal to the immers’d 
Part of the Body, weighsas much as the whole Body : for as the imagi- 
nary Surface under the Cube mutt be prefs’d equally in all its Parts, it is 
the fame whether in the Place where the Cube is, it fuftains the Cube, -or 
a Piece of Water equal in Bulk to the immers’d Part of the Cube, which 
will flow into it upon the Removal of the Cube *,. But this may be fur-* L.7. Ne° 
ther illuftrated by an Experiment. . tt aah 


EXPERIMENT 5. Platé 18. Fig. 6. 
_ Ler.A B, a fmall Jar full of Water, ftand in an empty cylindrick 
_Dith C E, then laying the above-mention’d Cube D on the Surface of the 
Water AB, it will fink a fourth Part of its Bulk, and puth over the Top 
of the Jar fome Water into the cylindrick Difth C E. Removing the 
Cube, the Surface of the Water in the Jar will fall down to a 4, and 
leave the Space at Top, .A-a 5B, empty. Put the Cube into the Scale F 
of a Balance at.d, and pour Water into the oppofite Scale G,. till it’ equi- 
ponderates with the Cube. That Water pour'dinto the Jar, juft fills up 
the Space A 2 4B, which thews that it is equal in Bulk to the immers’d 
Part of the floating Cube, filling up.the Space which that Part had em- - 
pued. N.B. One might alfo have found the Water Sore’d out into the 
Difh CD to be equal in Weight to the Cube; but it does not anfwer fo 
well in the Experiment, becaufe Allowance mujt be made for the Water 
Sticking to the Outfide of the Far, and to the Infide of the Difh :° otherwife 
the Quantity of Water Sorc'd out, and that pour'd in, would be Sound ex- 
actly equal. weighing each an Ounce, as well as the Cube in this Ex- 
periment, 


CoROLLARY, » 
Hence follows. that the Water, which a Ship, Barge, or Boat draws, is 
. €qualin Weight to the Veffel with all its Load and Tackling ; that is, a | 
Bulk of Water equal to the immers’d Part of the Ship weighs as much as 
thewhole Ship, and all in it: {0 that it.is poflible fora Barge laden very deep, 


fuch.. 


J 
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Leét. IX: fach as a Barge for Corn, to fwim very well in falt Water, and fink at once, _ 
‘—.~— when it comes into frefl; Water. If the Barge B (Fig. 7.) is immers’din — 
ie 2 ® Water (or draws Water) as far as W W, a Piece of Water, as W Z W, — 
weighsas muchas the whole Barge B Z, and all the Goods it carries. Now _ 
let us fuppofe this Barge to be laden with Corn at Am/fferdam, to goto Rot- 
terdam, as much as it is able to carry, or till the Water-Line becomes _ 

LL: I fay, that as foon as this Veflel goes out of the Salt Canals into the 

frefh Water Canals, it will fink:down; becaufe a Bulk of freth Water 

LZ L, not being fo heavy as the fame Balk of falt Water, the imagi- 

mary Surface 1S, in the frefh Water that fupports it, cannot fuftain the 

Veffel, whichis as heavy as the like Bulk of falt Water ; that is, between 

a 30th anda 4oth Part heavier: the Veffel therefore fhould fink deeper 

to have a bigger Part immers'd; but being fuppofed already juft even with 
the Surface of the Water, it can fink no lower without taking in Water, 

- and going to the Bottom. To prevent this, before you go out of the falt 

Water into the frefh, fome of the Lading muft be taken-out, till the 

Veflel emerges, (a 30th Part, for example) and the Water-Line becomes 

mm then going into frefh Water, the Barge will only fink down toLL, 

and go no lower, the Bulk /Z/ of frefh Water being equal-in W eight 

to the Bulk 2 Z 2 of Salt. Water. 


, 


CoROLLARY 2. Roe 
Hence follows alfo, that:a\ great Ship will float as well ina Dock as in. 
the open Sea, provided the Dock has the fame falt Water. Nay, if it 
was poflible to have the Dock in which the Ship is, to be of the fame 
Shape as the Ship, with only, a Space-of + ofan Inch round the Ship’s 
Sides and Bottom, the {mall Quantity of Water filling that Space would 
float the Ship ; by which means a' Ton or two of Water will fuftain a Ship 
of 1000 Ton. This may be illuftrated by the following 


EXPERIMENT 6, Plate 18. Fig. 8,-and 9. 

Plate 18. Take the Glafs Jar A B, which holds about two Quarts, and weighs 

Fig. 8,9: about a Pound, and having put into it the Weight B of two Pounds, 
fet it a-float in the great Vefiel I K about half full of Water ; then ob- 

ferving how far the Jar A B finks below the Surface of the Water SS, 

make a Mark onit, asss. Take out the Jar A B, {till leaving in it the 

Weight B, and let it down into the Jar C DE of Fig.g. which is fo 

little bigger than the Jar A B, as but juft to take it in, leaving about the 
40th Part of an Inch between the Jars, and about two Ounces of Water - 

being in the Bottom of the outer Jar, even with the Line L L. ‘The 

Jar AB will fink down in the Jar C D E; till the Water from the 

Bottom 


: 7 
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Bottom rifesup to ss, the Mark in the Jar A B, and there the Water Leé. IX. 
will reft, and the’ faid Jar float at the fame Height, as it did inthe great“ 
Veffel IK, Frg.8. This thews, that it is not the Quantity, but ‘the 
Height of the Water which floats the fwimming Veflel. ‘This may ‘be 
compat’d to the Water-Bellows * made ufe of for explaining the Hydro-* L. 7. Ne 
ftatical Paradox, fee Plate 10. Fig. 1. where L p, the Height of they. 
Water in the Tube Lp 1, muft be multiplied into the Bafe of the Water Sra 
in the Bellows, to find the whole Vorce of the Water pufhing upwards ; 
which is found here by multiplying S E, the Height of the cylindrick 
Shell, into the Bafe of the Water at E. This Produc is equal in Bulk 
to the immers’d Part of AB, and in Weight to that Jar, with its con- 
tain’'d Weight B. 


. CoROLLARY 3. 

“Hence likewife may be founda Method for finding the Weight, 
Bulk, and fpecifick Gravity of any Body {pecifically lighter than Water, 
be it ever fo irregular, without meafuring or weighing the Body itielf : 
which is done thus. The Body being laid on a full Veffel of Water, drives 
out a Quantity of Water, which weigh’d, gives the Weight of the Body. 
The Body pufh’d down, {0 as to be immers’d in the Veffel full of Water, 
drives out a Quantity of Water, which meafur’d, gives the folid Contents 
of the Body. Then as the Weight of the laft Quantity of Water : is to 
the firft:: fo is the fpecifick Gravity of Water: to the fpecifick Gravity: 
of the Body. | 

TueEse Confiderations naturally lead us to that Propofition which is 
eall’d Archimedes’s Propofition, | 


8. Ir is reported, that Hiero King of Syracuje, having given a Work- 
man a certain Quantity of Gold to make him a Crown, the Workman 
allay’d the Gold with Silver, (as it was neceffary to allay it either with Sil- 
ver or Copper) but put in a greater Quantity of Silver than was needful, | 
cheating the King of fo much Gold. When the Crown was brought 
home, the King faw he was cheated, and wanted to know how much; 
but, ashe liked the Workmanthip of the Crown, he was unwilling ‘to 
have it melted, or any way defaced: therefore he defired Archimedes to 
find out how much Gold, and how much Silver was in the Crown. 
Archimedes having a long time ftudied in vain how to folve this Diffi- - 
culty, at laft found it out by chance; for going into a Bathing-Tub that 
was full of Water, he obferv’d that the Water that his Body forc’d to 
run over, mutt be equal to the Bulk of his Body, and therefore that he 
might find the Bulk of the Crown (which was the firft thing he wanted) 


by 
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‘Lect, IX. by plunging it in a Veffel full of Water, and meafuring the Water {pill’d: 


Plate 18. 
Fig, 10. 


* Ann, 2. 


He was fo pleas’d with this Thought, that, forgetting he was naked, he 


jump’d out of his:Bath, and ran about the Houfe, crying out éupnnec, 
dupnna, (I have found it) as fome athrm, who are pleas'd when they can 


‘fhew that Mathematicians and Philofophers are often ab/ent : but others 
fay that he offer’d a Hecatomb to ‘Fupiter, for having infpir’d him with 


the Thought. But thus he proceeded in his Enquiry. He took a cy- 


lindrick Veflel, as A B, (Fig. 10.) big enough to hold the Crown, and: 
Water above it ; and having fill’d it up to acertain Mark, as W W, and. 
made other Marks from thence upwards, to. know how much, or what 
Quantity of Water fhould be rais'd above W W, by immerging Bodies 


in the Water, (which was a better way than making the Water run over 


the Top of the Veffel, which could not, when thus fpill’d, be fo exactly 
meafur’d:) Then having made a Ball of Gold G, exa@tly of the Weight of | 
the Crown, and likewifea Ball of SilverS, exactly of the Weight of the 
Crown, he confider’d, that if the Crown were all of Gold, the Ball of 
Gold would be of the fame Bulk as the Crown; and therefore being im- 
mers’d, would raife the Water juft as high as the Crown immers’d: but 
if the Crown were all of Silver, the Ball of Silver being immers’d would 
raife the Water no higher than the Crown immers’d: and if the 
Crown was of Gold and Silver mix’d in a certain Proportion, that Pro- 
portion would be fhewn by the Height to which the Crown would raife 
the Water higher than the Gold, and lower than the Silver, Accord- 
ingly, letting down the golden Ball into the Water that ftood at W W 
in the Veffel, it rais\d up the Water to g g, the Space g g W W con- 
taining, for example, a Pint of Water. ‘Then taking out the Gold, he 
put in the Silver, which rais’d the Water to s s, the Space ss W W con- 
taining two Pints of Water. Then immerging the Crown, it rais'd up 
the Water toc c, the Space cc W W containing a Pint and a_ half. 
Having made his. Obfervations, he reafoned thus: If the golden Ball . 
raifes a Pint.of Water, and the Silver Ball two Pints; Half the golden 
Ball will raife Halfa Pint, and Half the Silver Ball a Pint: then putting 
together Half the golden Ball, and Half the Silver Ball, they will jointly 
raife a Pint and an half; but the Crown raifes a Pint and an _ half; 
therefore the Crown mutt be half Gold and half Silver. How to do this, 
let the Proportion of Gold and Silver to each other be what it will, will 
be {hewn in the Notes *. 


g. Ir two Bodies f{pecifically heavier than Water, but.of different {pe- 
£ifick Grayities in retpect to each other, are in.equilibrio in the Air; 
when 

I 
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when let down into Water, they will lofe their Equilibrium, that Body Lect. IX. 
preponderating which has the greateft {pecifick Gravity. ba a 


PROBLEM. | 

10, The fpecifick Gravity of a Fluid, and of two Bodies, one heax 
wer, the other lighter than Water, being known; how to Jind in what 
Proportion of Weight to mix or join them, fo that their Mixture of joint 
Mafs fhail be of the fame fpecifick Gravity as the Fluid. 7 
_ Lev us fuppofe it is requir’d to find how much Cork is needful to join 
toan human Body weighing 150 fb. fo as to make it of the fame {peci- 
fick Gravity as Water. Firft let us by proper Experiments find the {pe- 
cifick Gravity of thefe three Subftances, which will be thus expreis’d 
comparatively in Numbers. The Body 10. Water 9. Cork 2 + Then 
let us find how their comparative Bulks of equal Weights muft be ex- 
prefs’d: and they will be reciprocally the Bulk of the Body 9. The Bulk 
of the Water 10. The Bulk of the Cork 40. And the Problem will be 
folv’d by the following Operations. Multiply the Weight of the heavy 
Body (vz. the human Body) by the Number exprefling its Bulk, and 
fubftract that Product from the Produé of the Weight of the faid Body ; 
and divide that Difference by the Difference between the Bulk of the 
Cork, and the Bulk of the Water: and you will have the Weight of 
Cork requir’d. 
SOR ASS XN Fn <= 5 == Weight of Cork, 


40 -- 10 


CoROLLARY. . 
Hence if a greater Weight of the fame Cork be added to fuch an 
human Body, it will never fink, | | 


SCHOLIUM.. His 
Ir the human Body be immers’d no deeper than up to the Neck when 
the Experiment is made to inveftigate its {pecifick Gravity, and a Piece 
of Cork be found fufficient to make it buoyant in that Situation ; this 
Problem may be of ufe to find the neceflary Weight of Cork to make 
proper Contrivances to learn the Art of Swimming, See the Notes *,« aun. ‘ 
Where this Problem is folv’d algebraically two ways. : 


_ Experiment 7. Plate18. Fig. a1. | ih 
To the String fix’d to the Hook V of the Scale B of a Balance, hang Plate 18. 
&, around Plate of Lead, and to the String from the other Scale A hang Fig. 11. 
6, around Plate of Brafs, if of the fame Diameter as the Lead, yet 
Wey o1.,1. vlnoniGic é thicker, 
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Leé&. FX. thicker, that it may weigh as muchas the Lead. When you let them 
——-— down into the two Jars of Water E, F, the Lead g will preponderate. But 


* Ann. 4. 


* Ann. 5s. 


Plate r& 
Fig. 12, 335 
Mass. 


* Ann. 6. 


now if you reftore the Aguzlibrium by adding Weight in the Scale A; 
the Aguilibrium will be loft again as foon as the Bodies are brought out 
of the Water into the Air. 


EI. Furs fhews that Bodies of different fpecifiek Gravities counterpois’d 
in any Fluid, lofe their gu:librium, that which is fpecifically lighteft 
overx-weighing when remov’d into a lighter Fluid, or a Vacuum *, 


12, Ir inftead of Lead and Brafs g be a good Guinea, and Ja bad 
one, which weighs as much, and therefore would deceive you when 
try’d by the common Gold Scales, (and if it be of bafé Metal plated, 
with Gold, it will alfo deceive upon the Touch-ftone)} when the Guineas 
are let down into the Water, the good Guinea will over-weigh : becaufe 
as the bad Guinea has more. Bulk, being made thicker, (otherwife it 
would not be heavy: enoughyto pafs in the Gold Seales) it muft lofe more 


the Bulk of a Pound Weight in caft Brafs.: and that Grain is added to 
overcome the Refiftance which, the nominal Weight lofes in the Air,*, 
Phe fame is true of alt other Weights; but that Nicety is overlook’d in, 
common Ute. ie 


13. THE Hydroftatical Balance is an Inftrument contriv’d for putting — 
in practice what has been fhewn, and explain’d in the foregoing Propofi- 
tion, with which the proper Experiments may be made with great Speed 
and Accuracy, for making the hydroftatical Comparifon of Solids with, 
each other, of Fluids with each other, and, of Fluids with Solids. This 
Inftrument confitts of the following Parts, reprefented by the. Figures 
12, 13, 14, 15. of Plate 18: | | | 

Fig. 12. AB is anice Balance turning with a {mall Part of a Grain, 
This Balance has a long Examen D, by which one may the more eafily 
perceive when the Balance is horizontal, and: the Bodies weigh’d’ in 
aequilibrio. . 

To the little Scale S$, by an Horfe-Hair-*,. hangs: underneath it the 
Glafs Bubble G, which muft be fpecifically heavier than any Liquor 

except 
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except Mercury. At A, the oppofite End of the Beam, hangs a Brats Lect. IX, 
Scale E, which is a Counterpoifé tothe Bubble G, when it hahgs ims ——v—- 
mers’d in Water ; but when the Bubble hangs out of the Water, a Weight 
mutt be laid on E to keepit 2” eguilibrio, which Weight will be equal 
to what the Bubble loft in Water ; that is, toa Bulk of Water equal to 
the Bubble, which Water we will here fuppofe to be Rain Water, and plate 18. 
to weigh 1000 Grains. The Jar I, in which the Bubble hangs 7 equi- Fig. 12, 13. 
hbrio, when it is fill’d with Rain Water, ferves to put in fuccefiively any 
Liquor, whofe fpecifick Gravity you would find out. It is no thattet 
how big, or how little the Jar I is, provided the Bubble can defcend 
freely in it without touching the Sides ; becaufe of every Liquor that we 
_ tty, we only compare a Bulk of one Liquor equal to the Bubble with the 
like Bulk of another Liquor, For example, if we fill I with red Port 
Wine, the Bubble will fink till we reftore its “equilibrium, by patting 
to Grains in the Scale E, which thews that Port Wine js lighter than 
Rain Water 10 Parts in rooo, or one Hundredth Part. If I had been 
fill’d with Proof Brandy, 77 Grains muft have been plac’d in E to have 
reftor’d the Aiquilibrium, becaufe Brandy (or Proof Spirits) weighs 79 
Parts in 1000, or +‘; lefs than Rain Water. But ina denfer Medium G 
~ would rife; for example, if Ibe fill’d with Sea Water, the Bubble be- 
coming too light, 26 Grains muft be put into the Scale S, to reftore the 
“Equilibrium, which fhews that Sea Water is 26 Parts in 1000, OF 5p 
heavier than Rain Water ; or that there muft be 1026 Quarts of Rain 

Water to weigh as much as 1000 Quarts of Sea Water, 
___Iw order to find the fpecifick Gravity of Solids, and to compare them 

with each other, and with Water, or any other Fluid, you muft make 
ufe of the Parts reprefented in Fig. 13. 

K. isa Glafs Bucket, in which are to be plac’d the Solids to be weigh’d, 
which, together with its fufpending Piece H, is in equilibrio with the 
above-mention’d counterpoifing Scale made ufe of before. 

__ Tue Balance ADB is the fame as. in Fig. 12, moveable on its 
Center C, 

Havine weigh’dthe Solid in Air in the Bucket, putting its counter. 
poifing Weights on the Balance E, write down its Weight ; and then 
weigh it in Water, to find how much it has loft of its Weight : but be- 
caute not only the Solid to be try’d, but the Glafs Bucket itfelf will lofe 
of its Weight, when immers’d in Water, you mutt reftore to the Bucket 
the Weight that it lofes by being immers’d, that the Body in it alone 
may be examin’d; and this is done by helpof the Piece F , Which 
weighs juft as much as a Bulk of Water equal to the Bucket, and being 
flipp’d on the fufpending Piece at H, it not only reftores to the Bucket 

i) ees.) Hd) what 
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Lect. IX. what it had loft by being immers’d in Water, but makes a Scale to re- 
ev ceive Weights to reflore the Aquilibrium to the Solid contain’d in’ the 


Plate 18. 
Fig. 15. 


Bucket, and thew how much it has loft of its Weight in Water. Fig. 
15, fhews the Bucket immers’d in Water in the Jar I, with its additional 
Scale F flipp’d on the fufpending Piece H. 


ExPperiMenT 8. Plate 18. Fig. rs. | 
A GuineA, and all the Standard Gold, is about 18 times heavier 
than Water. Now to examine a fufpected Guinea by the Hydroftatical 
Balance, firft weigh it in Air in the Bucket, and it will weigh 129 
Grains, which are plac’d in the Scale E; then having put on F over H, 
and the Bucket with the Guinea in it into the JarI, (Fug.15.) the Buc- 
ket will rife a little out of the Water, on account of what the Guinea lofes ; 
but putting 7 4 Grains into the Scale F, the Equilibrium will be reftor’d. 
7 + Grains are the Weight of a Bulk of Water equal to the Guinea, — 
(which it lofes in Water) and dividing 129 (the Grains in a Guinea) by 
7 4, it will be contain’d in it nearly 18 times, which will fhew the Piece 
to be Standard Gold, becaufe Standard Gold is near 18 times heavier 
than Water: and if you fubftract 7 + Grains from12g, you will have 
1214 Grains, or the Proportion of 17 to 1, the refpective Gravity of 
the Guinea, or the Weight with which it will defcend in Water. If 
the Guinea had loft 8 Grains or more, that would have fhewn the Guinea 
to have too. much Allay; that is, not-be of ‘Standard Gold ; but if it had 
loft but 16 = Grains, that would have fhewn the Guinea to have been 
ef fine Gold, without Allay. 


ExpERIMENT 9g. . 
In the fame manner, if you weigh a Piece of Silver in the Aur, and it 
weighs, for example, 100 Grains, then having weigh’d it in Water it 
joes 10 Grains, you find it to be 10 times {pecifically heavier than Wa- 
ter, and its refpective Gravity as g to 1. Thus may be compar’d Ores; 
that being the richeft, which lofes leaft of its Weight in Water. IV. B. 
Where many Bodies are to be weigh'd hydroftatically, it is beft to weigh 
them all in the Air fucceffively, and fet down their Weights, before you 
begin to weigh them in Water, becaufe it would be troublefome to dry. the 
Bucket every time. Care alfo muft be taken, that no Bubbles of Air ad- 
here to the Bodies weigh'd in Water, which would make them lighter. 
- T wave added a Contrivance to this Machine to make it more nice, 
as. may be feen in Fig. 14. 5 5 $ are three Screws to: fet the Foot and 
Stem upright, and OM is a String and Plummet, whofe Point hanging 
over M, fhews when the Piece P C is truly vertical. There is a. Piece 
L EO, 


baat 


# 
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EO, which has a Slit to compare with the Examen D of the Balance Le&. IX. 
playing in the Notches Cc. J 


14. THERE is another way to find the fpecifick Gravity or Denfity 
of Fluids ; that is, by making them prefs again{t each other in a recurve 
Tube, becaufe when their Preffures are equal, their Denfities will be in- 
verfely as their Heights. 


Ex PERIMENT. 10. Plate 18. Fig. 16. 


Pour Mercury into the curve Tube A, fo as to fill the lower Part of Plate 18. 
it from J to c, then pour in Water inone Leg from d-to-e, and in the 8: ' 17 
other Oil of Turpentine, till both the Surfaces of the Mercury 4 ¢, be of — 
the fame Height, which will be when the Oil is up at c. Now thefe 
Heights 5 eandc d, being found to be as 87 to 100, will thew the in- 
verfe Ratio of thofe Fluids; that is, That the Denfity of Water: is to 
the Denfity of the Oil of Turpentine: : as 100 (the Height of the Oil 
of Turpentine) : is to 87, (the Height of the Water.) N.B. This 
may alfo be deduc’d from what was faid in Le&. 7. N° 11, 12, and 13. 


SCHOLIUM. 

Here we mutt take care not to make a Miftake, and think, that 
becaufé in this Experiment the Bulks of the Fluids being inverfely as their 
Denfities, and confequently their Quantities of Matter equal, it follows, 
that to have an’ equal Preffure upon the Surfaces of the Mercury, the 
Quantity of Matter in the different Fluids muft be equal. It only hap- 
pens fo when the two Sides of the Tube have the fame Bore ; therefore 
we muft not draw a general Conclufion from this particular Cafe ; for 
the Mercury will be equally prefs’d, (by altering the Bore of the Tube) 
when the Fluids have their Bulks equal or unequal in any Proportion, It ~ 
is the Heights that muft determine the refpective Denfity of the Fluids, 
which they will always inverfely reprefent, the Preffure being always as 
thofe Heights, as has been fhewn*. See Fig. 17. where the Bulk of* L. 7. N° 
the Water is equal to that of the Oil; and Fig. 18, where the Bulk of mi and 
the Oil is 10 times greater than that of the Water. - i 


The 
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oes The following TABLE of the different Specifich Gravities of feveral 


Solids and Fluids, 7s calculated from Experiments accurately made 
with the Hydrofatical Balance. 


~ A Cubick Inch of Weighs in In Ounces The comparative 
| Ounces ‘Troy. Averdupoids. Weight of the Subftances. 

Fine Gold 100359273 = 11,365602—| 19639 
Standard Gold 9,962625= |.10,930422— 18887 
Quick-filver 79384411=| 8,101753—| 13999 

‘Lead 5,984010= 6,553885— 11325 
Fine Silver —————— |_ 5,850035= | 6,418324——| r1090 
Standard Silver 51550769=> 63096569— 1O534 

 Rofe GREAT. 45747121=| 5,208369— 9006 
Plate Brafs ———— 4:404273== | 4,8392116— 8344: 
Caft Brafs 4:272409= |. 4,630300-- 800r 
Steel 4,142127= drat f: SOL) 7925 
Common Iron 4,031361 = $22970— 764.2 
Block Tin———— 3861519 | 4.236638—| Aaa0 
Diamond 1,793357=1| 1,8 94.5362 ' 3400 
Fine Marble 15429411= 1,568 8 59-— 2710 
Common Glafs 1,300841= | 1,493037—] — agng 
Alabafter— 0,988456= | 1,084477-— 1873 

Dry Ivory cr | 0,062083=1 1,055542— 1823 
Dry 20x-Wood———~ | 0,543282=31 0,596057—| 027 
Sea Water———— Q,542742=1 0,594894— 1037 
Common clear Water 0,527458=| 0,57869 — 1000 . 
Red Wine ——| 0,523766=! 0,574646—| 992 
Proof-Spirits, or Brandy} 0,489268=] 0,536796— 2 927 
Sound dry Oak 0,489008= | 0,536569— 927 
Lint-feed Oil = | 0,491591= | 0,539345— 931. 
Oil Olive 0,481569= 0,528 350— git 
Air ——- + ofaGrain= 1,87 

or 0,000595 | 0,000667—| or r 0,285 Geith, 


To’ the Ufe of this Table is obvious from what has been faid, yet as 
my Defign in this Courfe is rather to be, too cireumftantial than. ia any 
thing unexplained, I fhall give an Example or two of its Application. 


Suppose the Flat of a Roof of an Houfe.is to ‘be cover'd with 
baad of the Thicknefs of the 1oth of an Inch, (the Length being 40 Foot, 
and the Breadth 3.5) itis requir’d to know what the Lead will weigh that 
is requir’d to do it. Firft find the Area of the Roof, which is 1400_ 
{quare Feet, (becaufe 35 x 40 == 1400) then confidering that as one 

| Foot, 
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Foot, which contains 144 {quare Inches, is but — of an Inch thick, it Leet. FX. 
mutt be divided by 10, togive its Contents in cubic Inches > thatis14.4:—“— 
and finding in the Table 6,553885 for the Weight of a cubic Inch of 
Lead, multiply it by 14,4 to have 94,376912 for the Weight of ote 
{quare Foot of the Lead requir’d, which again multiplied by r400, you 
will have 132127,6768 Ounces Averdupoids, which make 68 Hundred 
three Quarters and fix Pounds, for the Weight of all the Lead. 
Ir you would know what would be the Weight of Copper 54 of an 
Inch thick to cover this Roof, you will ealily find. it. by two eafy Opera- 
tions,of the Rule of Three. | 
As 11325, the comparative fpecifick.Gravity of Lead’: 
To. 9000; the fpecifick Gravity of Copper :: 
Sous 68:C. and 3, and 646; or 68.85: 
To the Weight of Copper as thick as the Lead > Or 54,78 Hund: 
Then as th Copper is but z, of an Inch thick,, I fay, 
As 5 0f an. Inch: 
Ig, tein: : 
So is 54°78 Hundreds : 
To 22, Hundred #, and.7 Pounds. 
Tf you would cover this Roofi with Oak, an Inchithick, I fay, 
As gooo,, the fpecifick, Gravity of Copper : 
Te 927, the {pecifick Gravity of. dry. Oak: : 
So is 22. C. 34, and 76: 
BO 253.54C. ar ney 7 peas and 11 fb, 
But as the Oa is. 24. times thicker. than: the Copper, this Number muft 
be multiplied by 24, for the Weight of the Oak, viz. 56C. 1 Quarter, 
16 fb. | | 
Hiavine fome Years ago made fome Experiments at Bath with 
Dr.O/ver upon the fpecifick Gravities of the Waters; I have, at the Defire 
of. fome Friends, fubjoin’d them here. 
The Bubble of my hydroftatical Balance. weigh’d in Air 2.035 Grains, 
In New-River-Water “tenets 1260. 


Bulk of Water, == to Bubble- rece —— 775. 

The Bubble in the: following Waters. weizh’d more or le(s,. as, below. 

In Rain + Gr, lefs, 
Hot Bath unfeal’d,, 1.Gr. 4. 

King's, Bath unfeal’d, +p 1.2, , 
Hot. Bath: feal’d at. the Pump; -+ 1. 
King’s Bath feal’d at: the Bumpy, be. 1, 
Hot Bath hot from the Pump — 3 + Gr. 
Brifiol Water, -- + Gr. Roade 
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Plate 19. 
Fig. 1, 2,3. 


A Courfe of Experimental Philofophy. 
Roade Water ++ 1 Gr. 
Holt Water + 2-Gr. 
Broughton Water +- 3 Gr. ~ 
King’s Bath hot from Pump — 34 Gr. 
~~“ Crofg Bath +4 Gr. 


Of the Aétion of Air upon Water by Condenfation and Rarefaction im 
artificial Fountains, and Jome other Machines. 


ExpERIMENT 9. Plate 1g. Fig. t. | : 
15. THE Bottle A full of Holes at the Bottom dipped in Water and 
half fill’d, the Water will not run out again, if the Thumb be held on 
its Mouth B. The Reafon is, that the external Air prefling againft the 
Holes as much as the Air in the Bottle pufhes upon the Water; the 
Water can’t fall without rarefying the Air in the Bottle by augmenting 
its Space: then it ‘would be too weak for the external Air pufhing a- 
gainft it; but if the Water had fome Depth,‘ fuppofe a Foot, as from 
W to X the Bottom of the Bottle, it would begin to run. till the Air 
was rarefied 1, Part; becaufe as an Height of Water equal to 32 Foot, 
has as much Force of Preffure as the Air, ( whether it aéts by its Spring 
or its Weight) the Height of one Foot of Water is equal to 4; Part of 
the Force of the Air, and this added to the Force of the Water in the 
Bottle makes it , Part ftronger in Force, than the outward Air that 
refifts to the iffuing Water : But when the Air in the Bottle has encreas’d 
its Dimenfions 4 Part by the lofs of fo much Water, it -has loft 5 
Patt of its Force, which being fupplied by the Preffure of the Water, 
added to its own diminith’d Preffure, it 1s 7 equilibria with the Re- 
fiftance of the external Air, and all things are at reit, . 


EXPERIMENT 10, Plate 19. Fig. 2, and 3. | 

16. Fit the Gla& Jar A B, holding about a Pint, nearly full of Water, 
and having cover'd its Mouth with a Piece of Paper as dc, prefs the 
Palm of one Hand hard on the Paper, whilft with the other Hand H 
you overturn the Glafs ; then (when the Paper dc is in an horizontal 
Pofition under the Mouth of the inverted Glafs) the ‘Preffure of the 
Air upwards will keep the Water fafpended, which it wou’d not do 
without the Paper, becaufe the whole Column of Water becoming one 
Body, acts uniformly on the refitting Air, whofe Action upwards 1s 
juft equal to the A@tion of the Spring of the Air above AB, together 
with the Weight of the Columns of Water between AB and dc. Now, 


if the Paper was away, the Water wou'd not be fuftain’d, beeaufe it 
| > wou'd 


Plate XVII. 
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A Courfe of Experimental Philofophy. 207 
~wou'd be. next to impoffible to hold the Veffel 0 even, as to have All Let. FX. 
__ the Columns of the Water of the fame Height ; which wou’d occifion —<—“—™ 
__ fome of the Water to come down on one fide as BC, whilft the reft of the ree 
Water went up at dA. But the Bottle of Fig. 3. won't {pill its Water, if 
it be inverted and the Mouth e¢/fis horizontal, provided the Mouth be 
narrow. For if a Drop of Water being fuppofed between ¢ and f, the 
Attraction of Cohefion reaches from ¢ and f to that: Drop, there will 
be form’d a Skin of Water inftead of the Paper in the other Experi- 
ment, 
NV. B.1 F the Mouth of the Bottle be but a quarter of an Inch Diame- 
ter, the Water will not run out, tho’ the Bottle thould be inclin’d. But if 
the Bottle’s Mouth be of near three quarters of an Inch Diameter, it will 
only hold Water, when it is inverted in an ere@ Pofition ; becaufe if 
the Surface of the Water in the Bottle, inftead of being in the Line d4, 
fhou’d’be in the Line @4, the Air puthing up againft the Mouth e b 
would be acted upon unequally by the Columns of Water at ae and at 
cf; that it wou’d yield at J to the Columns ¢f; but overcome the 
fhorter Columns at ea; fo as to rife into the Bottle at 2, whilft the pie 19. 
Water came out at e. ae 4, and 
17. HENCE it appears why the artificial Fountain of Plate 19. Fic. 
4. (which may be fet up on either of its Ends) after it has plaid out 
all its Water in a Jet thro’ the fpouting Pipe E, plays again afre(h thio’ 
the Spout I, when you have turn’d it over like an Hour-Gia(s; and {0 as 
often as you pleafe. A little Attention to the: Figure will thew the 
Make of it. ‘The Water contain’din the Cavity AFH runs down the 
curve Pipe CDE, and {pouts up thro’ the Jet E by the Preffure oi the 
Column of Water CD. But unlefs the Pipe G F was open at G, to 
let the Air run up to F, and prefs at top of the Surface of the Wacer 
~ in the Cavity A, the Water could not run down and {pout at E. There 
is fuch another Pipe as G Fat K, belonging to the Cavity B, thro’ which 
the Water of the Jet receiv’d in the Bafon fupplies the Cavity B, whilit 
the Fountain ftands on the end B; but when the Fountain is inverted, 
it fupplies B with. Air to let the Water defcend in the Direétion G HI, 
I becoming the {pouting Pipe. 


18. Upon thefe Principles depends alfo the alternate running and 
flopping of the Fountain of Command of Plate1g. Fig. 5. CAE isa 
Receptacle, or Veflel of Water clofe from the Air’s Entrance, except 
thro’ the Pipe GF, when the Cock C (by which it was filled) is (hut. 
There is another Pipe EDHB which goes from the Bottom of the Wa- 
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Le&t. IX. ter to the Jet B in the Bafon DB, but is ftopped by the Cock H. At 
wo the loweft Part of the Bafon DB, there is a {mall Hole at I to let the 
Fig. 6, a Water of the Bafon DB run into the Bafon GH under it: there is 
alfo a {mall triangular Hole or Notch in the Bottom of the Pipe FG, 
at G. -Turn the Cock H, and the Fountain will play for fome time, 
then ftop, then play again alternately for feveral times together. Know- 
ing thofe Times of playing and {topping a little beforehand, you may 
command it to play or ftop, which has given it the Name of Fountain 
of Command. The Caufe of playing and ftopping is this: The Water 
coming down the Pipe EDHB wov’d not come outat B, for the Rea- 
fons before given, if the Air SS above the Water was not fupplied as it 
dilated: Now it is fupplied by the Pipe GF, which takes it in at the 
Notch G, and delivers it out at F; but after fome time the Water 
which has fpouted out at B, falling down into the Bafon D B, rifes high 
enough to come above the Notch G, which ftops the Paflage of the 
Air, fo that the Air SS above the Water in the Veffel CAE cannot 
fufficiently prefs for want of a Supply, and the Fountain ceafes playing. 
This is eafily feen by obferving the Surface of the Water at G. Now 
the Water of DB runs down into the lower Bafon HG thro’ the Hole 
I, till it falls below the Top of the Notch G, and then the Air runs 
up into the upper Receptacle again, and fupplying the Air at SS,’ the 
Fountain plays again. This is feen a little beforehand by a Skin of 
Water on. the Notch G before the Air finds Paffage, and then you may 
command the Fountain to play. The Hole I mutft be lefs than the 
Hole of the Jet, or elfe the Water wou'd all run out into the lower Ba- 
fon,, without rifing high enough to ftop the Notch G, “i 


19. Tue next Fountain AB, Fig. 6. is only the fame Fountain in 
large, which was {hewn in {mall in the 7th Figure of the 11th Plate, 
and explain’d Lect. 7. N° 24. where the Air is condens’d at Top of 
the Water ; only in that it is condens’d by blowing in, whereas in:this 
large one it is comprefs’d by a Syringe (to be defcribed hereafter) and 
the Air and Water are retain’d by the Cock C, fo that the Fountain 
cannot play till you open the Cock; then the Water ftrongly prefs’d 
by the condens’d Air at SS, goes thro’ the Pipe O and the Ajutage 6 
with great Force, in Jets of feveral Figures according to the Spouting- 
Pipes put on at 4. | 


20. As here the Air is comprefs’d by a Syringe, in the Fountain, 
Plate 19. Fig. 7. contrived by Hero of Alexandria, the Air being only 
comprefs’d by the conceal’d Fall of Water, makes a Jet, which feen 

for 
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for a while, is look’d upon as a perpetual Motion by the Ignorant, who Le& 


think that the fame Water that fell from the Jet rifes again, 

Tue Boxes CE and DYX being clofe, you fee only the Bafon 
ABW, with a hole at W, into which the Water {pouting out at B 
falls; but that Water going down the hole W, does not come up again 
at W, as it feems to the Ignorant; for it runs down thro’ the Pipe 
W X into the Box DY X » from whence it drives out the Air thro’ the 
afcending Pipe Y Z into the Cavity of the Box CE, where prefling up- 
on the Water that is in it, it forces it out thro’ the Spouting-Pipe O B, 
as long as there is any Water in CE: {0 that this whole Play is only 
whilft the Water contain’d in C E having {pouted out, falls down thro’ 
the Pipe W X into the Cavity D Y X. The Force of the Jet is propor- 
tional to the Height of the Pipe WX, or of the BoxesC Eand DY 
above one another. The Height of the Water meafur’d from the Bafon 
ABW to the Surface of the Water in the lower Box DY X is always 
equal to the Height meafur’d from the top of the Jet to the Surface 
of the Water in the middle Cavity at CE. Now, fince the Surface 
CE is always falling, and the Water in DY always rifing, the Height 
of the Jet muft continually decreafe, till it is Chorter by the Height of 
the Depth of the Cavity CE, which is emptying, added to the Depth 
of the Cavity DY which is always filling: and when the Jet is fallen 
fo low, it immediately gives over. N.B. The Air is reprefented by the 
Points. The way to prepare this Fountain for playing (which is gene- 
tally done privately before it be expofed to View) is this: Firft, pour 
in Water at W, till you have filled the Cavity DX Y; then turn the 
Fountain over, and the Water will run from the Cavity DX Y into the 
Cavity CE, which you will know to be full, when the Water runs 
out at B held down. Set the Fountain up again as if nothing had been 
done to it. When you wou'd make it play, pour in about a Pint of 
Water into the Bafon A BW, and as foon as it has filled the Pipe W X, 
the Fountain will play, and continue to do fo as long as there is any Wa- 
ter in CE. You may then pour back the Water left in the Bafon ABW 
into any Veffel, and invert the Fountain, which being fet upright again, 
will be fet a playing by putting back the Water pour’d out into A BW, 
and {0 fofies quoties. 


21. Tue Fountain of Fig. 8, is upon the fame Principle and of the 
fame kind ; but having double the Number of Pipes and conceal’d Ca- 
Vities, it plays as high again. You mutt examine Fig. g. to fee its hid- 
den Cavities and Pipes. The Bafonis A; the four Cavities are B,C, D, 
and E, from which the Water thro’ the Pipe FG fpouts up to se: 
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Lect. IX. the Height of the Fountain, the Air at E which drives it being doubly 
———" condens’'d. The Water going down the Pipe 1, (fuppofe it tobe 3 Foot 


Plate 19. 
Fig. 9, 10. 


long) condenfes the Air that goes up into the Cavity C thro’ the Pipe 
2, fo as to make it (4, ftronger than the common Air: then the Water 
which falling in the Pipe 3 from Cto D, is capable by the Height of 
its Fall to condenfe the Air at E, fo as to make it 4, ftronger, being 
puth’d at C by Air already condenfed into ;'5 lefs Space, caufes the 
Air at E to be condens’d twice as much; that is, to be $ ftronger than 
common Air, fo that it will make the Water at G {pout out with twice 
the Force, and go to twice the Height that it would do, if the Foun- 
tain had been of the Make of the former. 

Tue way to prepare this Fountain for playing, is, to turn it upfide 
down, and taking out the Plugs g, 4, to fill the two Cavities Cand E, 
and having fhut the Holes again, fet the Fountain upright, and pour fome 
Water into the Bafon A, and theJet will play outat G, But the Fountain 
will begin to play too foon. So that the beft way is to have a Cock in the 
Pipe 3, which being open whilft you fill the Cavities C and E,and thenfhut 
again before you fet up the Fountain again, will keep the Water thrown 
into the Bafon from going down the Piper, and that of the Cavity C 
from going down the Pipe 3, by which means the Fountain will not 
play before its Time, which will be as foon as you open the Cock. 


Plate 19. Fig. 10. | 


22, ANOTHER way to make Fountains, is by the Rarefaction of Air 
in the following manner.. AB and C D aretwo Pipes fix’d to a Brafs 
Head C to {crew into a Glafs Veffel E, which having a little Water in it, is 
inverted till the Pipes are fcrew’d on; then reverting it fuddenly , fo as 
to put A the lower end of the Spouting-Pipe AB into a Jar of Wa- 
ter A, and the lower End of the defcending-Pipe C D into a receiving” 
Veffel D, the Water will fpout up from the Jar A into the tall Glafs 
Veflel E, from which it will go down at the Mouth C, thro’ the de- 
fcending Pipe C D into the Veffel D, till all the Water is out of A (ma- 
king a Fountain in E) has emptied it felf into D. | 

Tue Reafon of the Play of this Fountain is this: | ! 

Tue Pipe CD being 2 Foot g Inches long, letsdown a Column of 
Water, which rarefies the Air =, Partin the Veffel E; where it pref- 
fes againft the Water {pouting at B with , of the Force that the Wa- 
ter is pu(h’d up the Hole A, by the Preffure of the common Air on the 
Water in. the Veffel A; fo that the Water fpouts up into E (when the: 
Air is rarefied 7,), with the Difference of the Preflure of the Atmofphere 
and the aforefaid rarefied Air ; that is, of 33 to 2 3. This would wi 
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the Water 2 Foot g Tuches; but the Length of the Pipe A, g Inches, Le&, IX. 
being deducted, the Jet will only rife 2 Foot. —— 
NB. This may be call'd a Syphon Fountain, where AB is the driving Fie fc 
Leg, and CD ¢he ifluing Leg, 


23. THRE are many more artifcial Fountains made upon’ thefe 
Principles, but what we have explain’d may be fufficient, when we have 
added to it the Defcription of one that I invented to play by the Spring 
of the Air, increas’d. by the Heat of the Sun; which alfo ferves «for 
a Dial at the fame time. | | : | 


vais | Plate 19: Fig. 11. : 
GNS isa hollow Globe of thin Copper of 18 Inches in Diameter, 
fupported by a {mall inverted Bafon, ftanding on a Frame with 4 Legs 
ABC, which have between’ them at the Bottom a large Bafon of 2 
Foot Diameter. Along the Leg C comes a conceal'd Pipe, going from 
G the Bottom of the Infide of the Globe, which Pipe comes along’ 
H V to join in'an upright Pipe wI, to make a Jet at I. The fhort Pipe 
Tu going to the Bottom ofthe Bafon, has a Valve at V under the 
horizontal Part H wz, and another Valve at V, above the faid herizontal’ 
Pipe under the Cock atK. ‘The North Pole N has a Screw to open’ . 
an Hole whereby to fill the Globe with Water. . Things thus prepar’d, 
and the Globe half fill’d with Water, let the Machine be fet ina Gar- 
_ den, and the Heat of the Sun rarefying the Air as it heats the Copper, 
the Air will prefs hard upon the Water, which coming down the Pipe 
GCHVI will lift up the Valve V, but fhut the Valve w, and the 
Cock being open ; fpout out at I, and continue to do fo for a long 
time, if the Sun*fhines, and the Ajutage be fmall. “At Night, as the 
Air condenfes again by the Cold, the outward ' Air preffing into the Aju- 
tage I, will fhut the Valve V, but prefling on the Bafon Dw H, it 
_ will pufh up the Water which has been play’d in the Day-time, thro’ 
the Valve w, and the Pipe « HG into the Globe, fo as to fill it up a- 
gain to the fame Height that the Water was at firft, and the next Sun- - 
‘fhine will caufe the Fountain to play again, &c. The Ufe of the Cock 
Is to keep the Fountain: from playing till the Time of Day that ‘you 
think proper. A fmall Jet will play fix or eight Hours. Ifthe Globe | 
‘be fet for the Latitude’ of the Place, and rectified before it be fixed, . 
with the Hour-Lines or Meridians drawn upon, it, the Hours mark’d, 
and the Countries painted on, as in the common Globe, it will be a good 
Dial, the Sun fhining upon the fame Places in this Globe, as it does 
upon. the Earth itfelf.. | 
ie : ExPE- — 
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cage | ExPERIMENT 11. Plate 19. Fig. 12. 

Platerg. —. 24, 1.n «the tall narrow Jar AE full of Water, the Glafs Bubble B 

Fig. 12-09" “fwims at top; but if it be prefs’d down with a long hook’d Wire 
below, the Line L L, it goes down to D at the Bottom and {tops there: 

~ If.it;be,.puth’d down gently to the Line LL, it: will continue there, 
(at leat forfome Time ;) if it be not pufh’d quite down fo low as LL, 
it will come up again and ftay at Top; and if, when at the Bottom, 
it be rais’'d up from D to any Height below LL, it will go down a- 3 
gain, becoming thus fucceilively, {pecifically heavier, | {pecifically lighter, 
and of the fame fpecifick Gravity as Water. The. Reafon of the Change 
is this: The Bubble has its Stem open at Bottom, in which the Water 
rifing more or lefs, alters its {pecifick Gravity. When the Bubble ftands 
at B; the Water is only up at 4 about an Inch in the Stem, and the 
Bubble being a little lighter than Water, juft appears with its Top 
above the Surface; where it continues, becaufe the Airin it, by its Spring 
endeavours as much to keep the Water from rifing higher in the Stem, 
as the Weight of the Atmofphere endeavours to pufh it in: and. with-’ 
out the Water rifing or falling in this Stem, the Bubble cannot alter its 
fpecifick Gravity fo as to become) heavier or lighter. But when you 
pufh the Bubble down; the Depth of the Water from A adds te -the 
Preffure of the Atmofphere,: which. now overpoifing, mutt comprefs the. 
Air in the Bubble and caufe it to recede into lefs room, which it can- 
not do without admitting more Water, which makes it heavier in, pros 
portion, When the Bubble is at LL, by help of the additional Pref- 
fure of the Height of Water AC, Water is rifen in the Stem up toc; 
for Example 3 Inches, and then the Bubble is of the fame Gravity as” 
Water, and continues in that Place. When the Bubble. is puth’d down 
a little lower, the Water rifing higher in the Stem, becaufe the Air in 
the Bubble recedes as it is more prefs’d; the Bubble being now made hea- 
vier than Water, defcends, and the Water in the. Stem rifes higher, and 
makes the Bubble increafe in Weight, as the Height or Depth of the 
Water in the Jar encreafes, till the Water comes into the Bubble it. 
{elf, as it appears at the Bottom at D,. If you. fuppofe the Jar 2 Foot 
high, the Air in the Bubble at D is condens’d 2. Part; but it cannot 
reftore it felf to the fame Tenor as the outward Air, becaufe the -out- 
ward Air acts againft it with an additional Preffure of a Column of Wa- 
ter 2 Foot high, whilft the Bubble continues at D: But if you raife up 
the Bubble to C, the Air in the Bubble expands itfelf fo as to be only 
zz Part denfer than the outward Air, and. then it makes equilibrium 
with the outward Air, whofe Preffure is now help’d only by one-Foot 
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of Water. Now, in that Expanfion of the Air of the Bubble, the Wa-Le&. TX, 
ter in it is pufh’d out till it comes toc in the Stem, in which Cafe the == 
Bubble with its Water being of the fame Weight asan equal Bulk of - 
Water, continues in its Place. If the Preffure again{t the Air in the 

_ Bubble be ftill diminith’d, by diminithing the Height of the Water 'A C, 
which gave the additional Preflure to the Atmofphere, the Air in the 
Bubble will expand itfelf yet more, and thereby drive more Water out 
of the Stem of the Bubble, whereby the Bubble becoming ftill’ lighter 
will go to the Top, where it will remain. “As you may fee the Water in 
the Stem of the Bubble rife as the Bubble goes down, and fink as it comes 
up, this Phenomenon needs no farther Explanation, 


EXPERIMENT 12. Plate rg. Fig .2 933/74 ) 

25. Ir a Bubble madea very little lighter than Water was feal’d her- Plate 19. 
metically, fo that it could not alter its {pecifick Gravity, yet it might rife 8 135 14. 
and fink in Water as the Water fhould’ become mioré or lef denfe by 
Cold and Heat. Take fix {mall Glafé Bubbles with {mall Stems, and ‘by 
putting Water in them, and then fealing them hermetically, make them 
all lighter. than cold Water, and lighter than each other, but fo 4s the 
dighteft may fink in Water, :when it is as hot’ as the Sun can’ warm it. 
Putting all thefe Bubblesin a Jai of cold ‘Water, ‘and etting it in’ the 
Sun, they will fink one after another, asthe Water grows warm ; becaufe 
the Medium becoming lefs and lef denfe, the heavieft Bubble mutt fink 
firft, Gc. This may be call’d.an hydroftatical Thermometer; and fuch 
an one. was made at Florence, | | 


26. AzouT 32 Years agothe Reverend and Learned Mr. Sohn Caf 
well, then Profeflor of Aftronomy. in Oxford, propos’d to me the fol- 
lowing hydroftatical Problem, | 

Having two Glafis Bubbles, as A and B; (Fig. 14.) 7 @ Yar of Wa- 
ter, one fwimming at top of the Water, and the other lying at bottom: 

_ how to contrive, by pouring in more Water, as from the Veffel I, to make 

the faid Bubbles change Places, fo that A Joall come up to the Surface 

at a, and B go down to the Bottom atb. 1 found it out, and made the 
Experiment; but I refer the manner of doing it to the Notes *; that the * Ann. o 
Reader may try to find it out before he has it explain’d., 


27. Ir-A, inftéad of being a’ Glaf§ Bubble; had been’ a Portion of a 
‘Fluid fpecifically lighter than the Fluid E D, in the Jar, and Ba Por- 
tion of a Fluid fpecifically heavier, they would not have refted in thofe 
Places; but, being left to themfelves, would have changed places, the one 
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Lect. IX. going up, and the other coming, down, for Reafons already given ‘in 

oy Leét.7 *. But this, will appear very plain by an Experiment. 

= : ExpERIMENT 13. Plateig. Fig. 15. . 

Plate 19. Tur Jar A being fill’d with red Wine as far as p, invert into it the 

Fig-'5- Bottle of Water W, and hold it with its Mouth juft under the Surface p ; 
_then you will immediately fee the Wine rifing up like Smoke in the 
Neck of the Bottle, thro’ the Water, and fettling itfelf at top of the Wa~- 
-ter at w. . The Water in the mean time comes down thro’ the Wine, 
and goés to the Bottom of the Jarat P. You can’t indeed fee it come 
down thro’ the Wine; but that itdoes fo foon, appears, becaufe the Li- 
quor lofes its Colour, beginning at the Bottom at P, and fo becoming. 
tranfparent upwards by degrees. | 


- 28. Tue rifing Fluid would foon come down again, if that; Fluid in 
which it moves alter’d its fpecifick ‘Gravity, becoming much lighter, 
The Motion of Smoke depends upon that Principle. In fair Weather, 
when the Air is heavieft, as the Barometer {fhews it, the Smoke rifes out 
of.our Chimneys’ directly up to.a great Height, ‘becaufe the Air being 
heavier than. Smoke,| does by its Defcent make the Smoke afcend but 
in foul Weather, ;when the Air is lighteft, the Smoke then being hea- 
vier. than Air,. falls down again as foon: as it is out of the Chimney. 
The Reafon why the Smoke rifes up to the Top of the Chimney then, 
is, that while.it is in the Chimney it is ratefied<or expanded by Heat, 
and during that Expanfion it is {pecifically lighter’ than the Air, and 
confequently muft rife in it ; but as foon as it is out of the Chimney, it 
is fo far condens’d by Cold,, as to. become heavier than: the ambient Air, ~ 
whereupon it comes down by its greater fpecifick Gravity, not being beat 
down by the Wind, as is commonly imagined. Nay, it comes down if 
the Weather is ever fo ftill; and in frofty Weather, when the Airis heavy, 
tho’ the North or North-Eaft Wind blows hard, the Smoke won’t come 
‘down. . Few Chimneys {moke then. But in rainy Weather, and at any other 
time when thé Barometer is low, in all thofe Chimneys which are fo built 
that the Smoke does not keep its Heat quite upto the Top of the Chim- 
ney, the Smoke (becoming heavier than Air) comes down again, let 
the Wind blow from any Point, and the Chimney is faid to fmoke. 
PERHAPS it may be objected to this, that in all States of the Air, 
(that is, whether heavier or lighter) fome Chimneys that are command- 
ed, {moke by the Impulfe of the Wind, and are cured by moveable 
Heads, that carry out the Smoke the fame way as the Wind blows: 
This is true, and the reafon of the Chimney fmoking in fucha cafe, is, 


that 
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that by the Motion of the Wind the heterogeneous Fluid made up of AirLeé, IX, 
and Smoke, is driven with more Force towards the Fire than the Air "V 
below, which has no other Force to carry it towards the Fire, than that retin if, 
which arifes from its Difference of Denfity from that of the Air heated ‘2- 
by the Fire. 


29. THo’ Wine always mixes with Water in a Glafs, when the Wine is 
putin firft, (except {weet Wines, which are often fpecifically heavier than 
Water) and very often when the Water is put in firft, and the Wine 
pour’d in after, becaufe as the Wine accelerates its Motion, and goes into 
the Water, its Parts are attracted by thofe of the Water, with which 
they remain entangled ; yet if any {mall Body, asa thin Piece of Bread, 
or the Piece of Paft-board O, (Fig. 10.) fix’d toa Stem Q_O to hold it, 
be laid or held on the Surface of the Water W, to receive the Shock of 
the Wine pour’d in, as from the Bottle B, the Wine will lie at top un- 
mix’d with the Water, asO P. Nay, by prefling the Palm of the Hand 
on the Top of the Jar, it may be inverted, and the Wine and Water 
change Places without mixing. 


ExPERIMENT 14. Plate 19. Fig. 17. 

Makinc ufe of the fame Paftboard O P, held fucceflively on the 
- feveral Surfaces of feveral Liquors, you may pour in fucceflively fix dif- 
ferent Liquors without their mixing, as Water, Port Wine, Olive Oil, 
Brandy, Oil of Turpentine, and rectified Spirit of Wine, exprefs’d by the 
Letters W, P, O, B, T, S, Fig. 17. where A expreffes the Air at top. 
But now it is time to return to our rifing and falling Bubbles of Glafs, 
(and hollow Images acting upon the fame Principles) which we have 
not fully confider’d yet. 


ExPERIMENT 15. Plate 1g. Fig. 12, 

Wuen the Glafs Bubble at D has too much Water ; tho’ it be rais’d 
up to the Top of the Jar at A, where the Air in the Bubble, freed from 
the additional Preffure of the Pillar of Water A B, expands itfelf, and 
forces out fome Water, yet it will not force enough out to make the Bub- 
ble become lighter than Water: the Bubble will go down again, in 
which cafe it is faid to be drown’d. But by applying the Hand upon the 
Top of the Jar, fo that the Flefh of the Ball of your Thumb may touch 
the Water, and then fliding the middle of the Palm of your Hand over 
the Water, you will take off the Preffure of the external Air to what 
Degree you pleafe, fo as to give the Air in the Bubble liberty to expand 

Vor. Il. Ee {o 


a10 ACourfe of Experimental Philofophy. 


Leet. IX. fo much as to drive out Water enough to make the Bubble {pecifically. 
—— lighter than Water, and rife up to your Hand. — | 


ExperRIMENT 15. Plate 19. Fig. 18. 

Plate 19. Tus ifa little GlafS Skeleton, whofe Head is hollow, with a little 
Fig. 18,19- FIole at the Bottom of it, (being in effect a Bubble) be made heavy 
enough to be ju/t drowned ; that 1s, to ftand at the Bottom of the. Jar 
AE, and Paper, or any other Covering be put about the Bottom of the. 
Jar as faras LL, fo as wholly to hide the Figure: by prefling the Top 
of the Water in the Jar in the manner above-mention’d, and drawing 
up the Palm of the Hand, the little Skeleton will feem to rife from a 
ar having nothing in it. Again, if there be fo little Water put into the 
Bubble or Head of the Figure at firft, that it thall be fo much fpecifically. 
lighter than Water, that tho’ thruft down to the Bottom. of the Water,. 
it thould rife up again of itfelf: the Hand apply’d at top of the Jar may. 
make it go down, and let it up again, fo that it fhall rife and fall at 
pleafure. But for that Purpofe (the Jar being quite full) the Palm of 
the Hand mutt be firft apply’d to its Top, and the Flefh of the Ball. of 
your Thumb flipp’d in the Place to increafe the Preffure upon. the whole. 

Water, and force more Water into the Bubble, &c.. 


ExperRIMENT 16. Plate 19.. Fig. 19.- , 

30. Take three or four. Glafs Images made hollow. with Holes in. 
their Feet, fo that Water maybe put into them, till they are but a little 
lighter than Water, (provided they be not heavy enough to: be drowned, 
when they come to the Bottom: of the Jar of Water in which they are 
to be plac’d) then let them. be differently pois’d in refpect of each other, 
by putting more Water in one than another. Having thus prepar’d. 
them, put them in a Jar almoft, or quite full of Water, and having tied 
a wet Bladder over the Mouth: ofthe: Jar, by prefling on the Bladder 
moré ot lefS with the Hand, you may command the little Images to-go 
up and down after-one another, knowing which is the heavieft, that re-. 
quiring leaft Preffure, and thofe that are lighter more in Proportion, and 
flackening the Preflure the Images will rife. But what feems moft fur- 
ptizing, is, that you may command the Image that went down laft to 
vo. down firft, and fo vice verfd. This is done in the following manner: 
Let us take, for example, the two Images C and E, whofe Holes in the 
Heels mutt be of different Sizes,, and let the Image C, having the biggeft 
Holes be fo pois’d, that being lighter than E, it fhall require a greater Quan- 
tity of Water to be prefs'd into it, to make itcome down, than E: upon 
which account it will not come down till after E.. But if you prefs hard 

ics: and 


Sib 


A Course of Experimental Philofophy. 211 
and fuddenly, C having the biggeft Holes will take Water enough toLedé. IX. 
make it fink, before E (tho’ it requires lefs Water) has taken its fufti- 
cient Quantity to fink it; becaufe tho’ that Quantity be lef than what Fj 
C wants, yet the Smallnefs of its Holes will not admit it fo foon. ‘There 
is alfoa way of making the Images turn round, which can only be done 
with fuch Figures as have the Holes in them looking fideways ; as, for 
example, the Image D having an Hole in the Tail; when it is at D, 
if you fuddenly eafe the Preffure, the Air in the Image will force the 
Water out in the Direction mn, which will make the Image move round 
in the Direction aya; becaufe the Air in the Image endeavouring to ex- 
pand itfelf every way, prefles equally towards o and m; but the Prefture 
towards m being diminifh’d, on account of the Hole where the Water 
{pouts, (Surface being wanting where the Hole is) the relative Preffure 
mutt be greater towards 0, and carry the Image that way : after the 
fame manner that a Rocket rifes by the unequal Preflure of the expanding 
Gunpowder, when it wants a fix’d Point below to act againtt *, * Ann. &. 


ate 19. 
g. 19g. 


31. Or Divine to take up Goods or Treafure from the Bottom of 
Rivers, or the Sea, where it is neceflary to continue fome time under 
Water ; call’d by fome, The Art of living under Water. | 

Tue Preflure of Water upon Bodies at different Depths, and the Pref. 
fure, Refiftance, and Condenfation of Air, are fo neceflary to be confi- 
der’d in Diving ; that giving an account here of different ways of perform~ 
ing that Operation, will illuftrate the Rules already given in our Hydro- 
ftaticks, | 


EXPERIMENT 17. Plate 20. Fig. i. | 

fy the large Glafs Jar A L fill’d with Water up to S S, invert a fmall Plate: 20. 
empty Glafs Jar BC, of about 10 Inches in Height ; and the Air in the 8? 
Space B C, being of the fame Tenor as the outward Air, will keep the 
Water from coming up into the little Jar by its Spring againft the Preffure 
of the outward Air that would drive it in. But as from the Surface of 
the Water in the great Jar at SS, tothe Mouth of the little Jar at C, 
there is an Height of Water B C of 10 Inches, (the 38th Part of 32 
Foot, the Height of Water, whofe Preffure is equal to the Weight a 
the Atmofphere) the Air in thelittle Jar is 4, more prefs’d than it woul 
be by the Atmofphere, or outward Air alone, and therefore muft recede 
accordingly, and confequently give way to the Rife of a {mall Height of 
Water, which juft thews itfelf within the little Jar at its Mouth C, If 
_ the little Jar B C was plung’d under Water, till its Mouth -C was 32 
Foot below the Surface, the Height of Water BC would become fuch 
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Lea. IX. as would prefs equally with, and muft be added ta the Preffure of the 
—v—"_ Atmofphere, or outward Air; and then the Spring of the Air included 


Plate 20. 
Fig. 15:2. 


in B C, having cut half the Force of this increas’d Preflure, would yield 
and recede to D, where by its doubled Denfity it would become able to 
fattain this double Preffure, The Water therefore following would rife 
into the Jar, (always fuppofing it cylindrick) one half of its Height, or 
CD, IfB C was plung’d 64 Foot under the Surface of the Water, the — 
Water would rife 2 in this Jar towards B; if 96 Feet, 4, Gc. And if 
we call’d every Depth of 32 Feet of Water one Atmofphere, (becaufe that 
Height preffes as much as the Atmofphere, or oudpvard Air) In 
thefe FraGions 1, 2, 4, ¢ Gc. the Numerators will exprefs the addi- 
tional Atmofpheres that prefs up the Water at the feveral Depths, and 
the Denominators the Degree of Denfity to which the Air is com- 
pre{sd. | 


ExpeRIMENT 18. Plate 20, Fug. 1. 

Tue Tube GT is 32 Inches long: when its open End T (the other 
being fhut) is juft put down to the Surface of the Water SS, no Water 
is vifible in it; but-as foon as you have plung’d that open End one Foot 
under the Water’s Surface, the Water will rife up into the Tube the Height 
Tz, or one Inch, the Air yielding =, Part; becaufe the Preffure of the 
Height of Water SL 1s added to the Preflure of the Atmofphere upon 
the Surface of the WaterS S. 

N.B. Tho’ we have taken 32 Feet in Height to reprefent the Height of 
Water equal to the Preffure of the Atmofphere, any Number .of Feet 
would do from 32 to 35, becaufe the Preffure of the Air varies in that 
Proportion according to the Seajons. 


ExPpERIMENT 19. Plate 20, Fig. 2. 

ECD isa little Bell of Glafs hanging by the String R E into the Jar of 
Water AB, A-Circle of Lead C D, being flipp’d on uponit, and having 
agreat many Leaden Bullets hanging from it to increafe its Weight, 
makes the Bell ink down under Water, which, without that, would 
float by reafon of the Air contain’d in it: and now the Water does not go 
ye it, but only fhew itfelf at its Mouth. » For in taking the Bell out of 
the Jar, you may find that.a Paper P, which had been ftuck in its up- 
per Part within, comes out without.being wet. An Inftrument of this 
Figure, but big enough to containone or two Men ftanding upon Ledges 
fix’d to its Bottom, made of Wood, and cover’d with Lead, and made 
till heavier with Cannon ‘Ball hanging round it, is the common Campana 
urinatoria, x Diver's Bell made ule of ‘to go down to. the Bottom of 

| : Rivers, 
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Rivers, or of the Sea, where it is not very deep. It is made of this Fi- Leé&. IX: 
gure rather than that of a Cylinder ; becaufe at the fame Depth the Wa- $= 
ter will not rife fo high in the Bell as it would in a Cylinder, and a Man rien 
may defcend lower than ina Cylinder before the Water is troublefome to 7 
him, by rifing up to his Face, For example, before the Water can 
come up to SS, half the Height of the Bell, the Bell muft be let down 
to. 96 Feet under the Surface of the Water ; becaufe the Space S § D'C 
in the lower Part of the Bell, which is three Quarters of its Contents, 
cannot be fill’d till the Bell is let down that full Depth: fo that a Man 
may have his Head ftill above Water, when the Bell is let down very 
low. : joo T 

Tuess Bells were formerly ufed, but were left off on account of the 
following Inconveniencies. , 

1. A Man that is let down to any confiderable Depth under Water, 
when the Bell refts on, or is very near the Bottom, cannot well work at 
Bottom, without plunging his Head under Water, or ufing very unma- 
nageable Tools. c 

2. As we cannot long breathe the fame Air before it becomes fuffo-- 
eating, (a Gallon of Air ferving one Man but one Minute) a Man can-- 
not remain long at the Bottom of the Water. If there was the Space of | 
about one Hogfhead for Air in the Bell when it is at Bottom, a Man - 
could breathe that Air but.one Hour ; but if by the rife of the Water in : 
the Bell-that Space fhould be reduc’d to 4.a Hogfhead, or + ofa Hogthead, » 

a Man would breathe fafely but half an Hour, or a quarter of an Hour, - 
the Lungs dilating as much at every Infpiration in. condens’d, as in com- - 
mon Air. 

3. WueEn the Bell is let down very near the Ground, or the Mud ' 
be ftirr’d up when the Bell is not quite down, it is fo dark that:'the Men : 
cannot well fee to work. 

For this reafon other Inventions have been contriv’d for diving. One ° 
is a fort of a Cafeof Armour of Copper reprefented at Fzgure 3, to pte-~ 
ferve the Diver's Body again{t the Preflure of the Water. . This Cafe con- - 
fifts of two Pieces to be join’d together on the Body. AG BE isthe’ 
Piece for the Head, and upper Part of the Body. ‘The Head has two ° 
Copper Pipes PP, to which are to be fcrew’d feveral Lengths of Leathern ° 
Pipes to reach up tothe Top, and communicate with the Air at top of - 
the Water. ‘Thefe Pipes are kept open by {mall Hoops of Brafs or Copper 
within the Leather. There is a convex Glafs G before the Facéto look thre’ — 
to fee Objects under Water. - The Piece E flides out, and then the Diver 
having put in his left Arm, and'thro’ the Hole oppofite to B gets in his 
Body, and raifes up his right Arm from E.to B, and put a bs 
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Leét. 1X. Hole B, then the Piece Evis flid up and made Water-tight, and held in 

“v— place by a ftrong Ring at E. The Breeches or lower Piece F being put on, 

re ol befides the Rings at E, is made faft to the upper Piece by two Bars with 
‘Screws Cc, Dd. The Arms and Hands, as well asthe Thighs, and Legs 
and Feet being cover’d with leathern Hofe, thefe Leathers are faften’d: to 
‘the Rings at'B, and on the other Side, as alfo to the Breeches at F) » The 
Air-Pipes: being faften’d at PP, the Diver is let down into’ the Water 
wwhere he works at the Bottom, and has a fmall Line to pull and make 
‘Signals. when he would be drawn up again ; or when he would: have 
the Boat above him move in any Direction, See the Diver with his 
Tools Fig. 4. and the Air-Pipes going up at P ; together with his Line 
‘for Signals. : | | 

Tuis kind of diving Machine has its Inconveniences. 


1. Wuewn the Diver goes down to only a moderate Depth, the la- 
teral Preflure of the Water {queezes the Air-Pipes {0 ftrongly, that the 
Affiftants above are obliged to blow down Air to the Diver with Bel- 
lows, But the greateft Inconveniency is, ) 
2. THAT when the Depthis confiderable, the Diver, tho’ his Breaft 
and the reft of his’ Body be guarded againft the Preflure of the Water, 
fecls all the additional Weight upon his Arms and Thighs, efpecially 
‘where his Leathern Hofe are faften’d to the Armour, fo as fometimes to 
‘ftop the Circulation of the Blood, as fome have experienced it to their 
.Coft. For the external Air which comes down to them from above 
being taken into the Diver’s Lungs, has only a Spring fufficient to bear the 
Preflure of the common Atmofphere, and about + more upon Occafion as 
it is expanded about 4 by the Heat of the human Body: whereas the 
‘Arms and Thighs defended only by oil’d Leather, muft bear all the Pref- 
fure. of the Water according to its Depth, befides what they ufed to bear 
above ground. The Uniformity of the Preffure does indeed help a little, 
and thefe Machines are much ufed, becaufe the Places were Ships are 
ufually caft away are but fhallow. About 16 Years ago I was inform’d 
that there had been granted about 14 Patents for making thefe kind of 
diving Inftruments, feveral different Perfons having obtain’d thofe Pri- 
vileges, becaufe in their Improvements, which they call’d new Inven- 
tions, they varied a little from thofe that had gone before them, For 
great Depths, in which fometimes Ships have been caft away, or to 
which they have fometimes  flipp’d by length of Time, where the Shore 
thas been fteep, or in Pearl and Coral-fifhing, thefe.Armour-Machines 
are quite ufelefs, the Diver having bled at the Nofe, Mouth and Eyes, 
and died foon after the Trial. , | 
et ABour 
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Asour is or 18 Years ago, Captain Rowe having obtain’d leave to Le@. IX, 
Work upon fome Wrecks on the Coaft of Scotland, contrived a Reticr, orem 
way than the laft mention’d for diving. His Machine was fach as is Bio /ere. 7. 
reprefented in Fyg. 5. It is a-Tub or truncated Cone made in the {hape 
of a Scotch Snuft-Mill, in which the Diver is (hut up by a Cover AA,. 
fortified with Hoops, as. is alfo the Body of the Machine at HH and 
bh. ‘The Arms. are put thro’ the Holes BB and made tight, either 
with or without Leather Hofe upon the Hands and Arms, T he Legs. 
are within the Machine turn’d back as when a Man kneels, G isa Glais 
to fee thro’, from which the Diver can wipe the Dew or Steam with 
his Nofe- upon occafion, for his Pofture is to be let down with his F ace. 
downwards. The Air is fhut up withhim in his Tub, and isabouta Hog-. 
fhead in Contents; becaufe I hear a: Man thut up in it can remaimin the - 
Water about an Hour, Fig. 6. thews this Machine let down from a Ship.’ 
with the two Ropes Cc, Dd; where the Diver’s Arms B4 are {een - 
employ’d about his. Work, AH/~ reprefents the Hoops, and L/ the 
fiznal Line. Now, tho’ this Diving-Engine be better than a great ma~ 
ny, yet it has the fame Inconveniency of not being fit for great Depths, 
Captain Jrwin, who dived; for Mr. Rowe, inform’d me that at the Depth : 
of 11 Fathom he felt a {trong Stri@ure about his Arms by the Preflure 
of the Water; and that venturing ‘two Fathom lower -to-take up a- 
lump of Earth with Pieces of Eight {ticking together ; the Circulation - 
of his Blood was fo far {topp’d, and he» fuffer’d fo much, that he was 
forced to keep his Bed fix Weeks. And I have heard of another that : 
died in three Days, for having ventured. to go down 14 Fathom... _ 

Our late. famous: Profeffor Dr. Edmund Halley improved the ‘old | 
Diver’s Bell, fo much as to have perfected the Art of living under Wa- 
ter, as he has given us. an Account of it himfelf; for whoever will be 
at the Trouble. and Expence to havea Bell made with his Improve- 
ments, may fend his Divers down to any Depth with Safety. The 
Doctor went down himéelf.. | 


Here follows a foort Defeription of his Alterations from the common Bell, - 


Tue 7th Figure reprefents Dr. Halley's Bell, with the following Ad- - 
vantages : | 
r. ne Perfons in the Bell fitting upon. a Bench near the Bottom, - 
could always fit dry ; becaufe whatever Depth the Bell was let- down 
to, the Water never rofe in it but to a {mall Height : for an Hogthead C 
with the Bottom out, being let down by the Side of the Bell juft below - 
its Bottom, a Man at H took hold. of an Hofe of Leather, which com= 
ing 
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Leé. 1X. ing from the Top of the Hogfhead, hung down belowit ; but when 
=— it was rais'd up above the Hogfhead, the Air of the Hogfhead came up 


Plate 20. 
Fig. 7. . 


thro’ it into the Bell, and pufh’d down the Water which was come up 


a little Height into the Bell, as R S. For the Air receiving an addi- 


tional Quantity, receiv’d an additional Spring, whereby it drove out again 
the Water which had been pufh’d up into the Bell by the Height of 


the Columns of Water above its Mouth. ‘Therefore, as the Water con- 


tinually was coming up into the Bell as it was lower’d down ; that Water 


-was continually driven out again by the Air taken into the Bell eve 
‘time that the Hogfhead was let down, which was very faft ; becaufe juft 
raifing it up above the Surface of the Sea, emptied its receiy’d Water, and 


fill’d it again with Air. 
2. A sTronc Menifeus Glafs at D, concave downwards, was fix’d to” 


the Top of the Doétor’s Bell, which let in Light fo effectually, that being 


in the Bell he could read the finall Print of the Advertifements of a Gazette, 
But this was in calm: Weather ; for when the Sea was troubled, the Rays 
were by the rough Surface hinder’d from coming down, and it was fo 
dark, that he was forc’d to have Candles, ‘a 
~ N.-B. A Candle of fix in the Pound confum’d as much Air as one 
Man; that ts, about a Gallon ina Minute. Bi 

3. Tose in this Bell could breathe freely a whole Day ; becaufeas the 
Air grew effete, and unfit for Refpiration, the Dottor by a Cock within 
the Bell at B could let out the foul Air, (for the foul Air being hot, al- 


- ways afcended to the Top of the Bell) and fee by the Afcent of the Water 


at the Bottom of the Bell how much foul Air had been let out, to re- 
fupply it by the defcending Hogfhead C. By this means the Bell was 
always full of Air, and of frefh Air: | 

Ir any Body fhould afk why the Water did not come down into the 
Bell, when the Cock was open to let out the foul Air; let them obferve 
that the Column of Water pufhing down to come in at the Mouth of the 
Cock B is to be meafur’d only according to its Height reaching from the 


Surface of the Sea to B; but the Column of Water driving out the Air 


muft be meafur’d from the Surface of the Sea. to the Bottom of the Bell 
at R, which is about eight Feet (or the Height of the Bell) taller. This 
is the Reafon why the Glafs D is made concave, with its Convexity 
downwards, that it may refift the Preffure of the Air acting upwards by 
the Preflure of the Column of Water reaching down to R, when its 
upper Side is prefs’d only by a Column of Water reaching to D,. about 

eight Feet fherter. 7 : *: 
4. ANOTHER Improvement of the Doctor’s, was, that he could 
fend Men out of the Bell to work at the Diftance of 50 or 100 Yards 
mr I from 
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from the Bell; becaufe it would have been very troublefome to remove Lect. EX. 
the Bell over every Part of a Wreck, or of the Goods to be taken up, i 
perhaps difpers’d at confiderable Diftances from each other. To. effe@ Fig. 7 


this, with great Difficulty he made a long fall Pipe of about 266 Yan 
Inch Bore, kept open againft the Preflure of the Sea by a fall fpiral 
Wire, and made tight without by Leather painted, and Sheep’s Guts 
drawn over it. One End of this Pipe being open, was faften’d, or held 
in the Bell to receive Air at P, and the Pipe itfelf being coil’d round the 
Arm of the Man out of the Bell, the other End was fafien’d to a leaden 
Cap (call’d a Cap of Maintenance) on the Man’s Head, which reach’d 
down below his Shoulders, open at bottom to ferve him as a little Bell 
full of Air for him to breathe at his Work, which would keep out the 
Water from him, when at the Level of the great Bell, becaufe. of the 
fame Denfity as the Air in the great Bell. But when he {ftoops down 
lower than the Level of the great Bell, he thuts the Cock F, to cut off 
the Communication from the great Bell to his little Bell. This little 
Bell will ferve him a Minute or two, till its Air grows foul; but he can 
inftantly change it by raifing himfelf above the great Bell, and opening 
the Cock F: for then a Puff of freth Air coming from the ‘great’ Bell, 
renews all his Air, by driving out the foul Air, of which his Bell was 
full. Then he mutt fhut the Cock again, left he fhould take too much 
Air from the great Bell. This travelling Diver was fore’d to have al. 
moftt half an Hundred Weight of Lead at his Feet, to keep himéelf firm 
on the Ground: and whereas he could. not bear the Cold, the Doétor 
cloath’d him in thick Flannels clofe to all his Limbs, and made him wet 
them, and ftay in the Bell. till he was very warm; and thus the warm 
Water fticking in his Clothes, kept out the cold Water for a long time, 
when he was out of the Bell. . 

By means of the Bell thus improv’da Diver may be let down to any 
Depth without the leaft Inconveniency, provided the Bell be not’ let 
down, or taken up too faft. Becaufe the lower the Bell goes, and the 
more the Air is condens’d about. the Divers, the greater Preffure are they 
enabled to fuftain ; for as they breathe the fame condens’d Air, and the Air 
circulates with the Blood, all the Parts of their Bodies, the very Extre- 
mities of their Fingers and ‘Toes, are arm’d againft that Preflure: and 
whether a Man be in or out of the Bell, he {uffers the fame Preffure, 
whether from the-Water, (when out of the Bell) or from the Air con- 
dens’d by it in the Bell. Care mutt be taken not to take up the Bell too 
faft, becaufe the condens’d Air in the Bodies of the Divers mutt expand 
itfelf by degrees, and be breath’d out ; otherwife, if they were too fud- 
denly deliver’d of the outward additional Prefiure, the Air within ‘them 
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Lest. IX. would burft them outwards. When foul Air has been let out thro’ the 
emnynd Cock B, the Surface of the Sea has been cover’d with Foam for 40 Yards, 


Plate 20. 
Fig. 3. 


fo great has. been the expanfive Force of the Air ; Bubbles of the Bignefs 
of a grey Pea when they came out thro’ the Cock being as big as an Orange 
at top of the Water. When the Preffure of the Air is the leaft, a Man 
of a middle Size fuftains the Weight of 30,000 Pounds, and every five 
Fathoms of Sea- Water adds a Weight of 30,000 more; but the Air of 
the Bell gradually condens’d, and breath’d by the Divers, always enables 
them to bear it; and thofe that dive with Armour will not bear the 
Preflure of an Height of 60 Feet of Water, fo well as a Diver in the Bell 


‘can bear the Depth of 300. 


Dr. Halley told me indeed of a {mall Inconveniency that they hadin the 
Bell: At firft they felt a {mall Pain in their Ears, asif the End of a To- 
bacco-Pipe was thruft in their Ears 5 but after a little time, there was a 
{mall Puff of Air with a little Noife, and they were eafy. He thought 
it was occafion’d by the condens’d Air fhutting upa Valve leading from 
fome Cavity in the Ear full of common Air; but when the condens’d 
Air pre(’d a little hard, it fore’d the Valve to yield, and fill'd every 
Cavity. One of the Men, to prevent this Preffure, ftopp’d his Ear witha 
Pellet of chew’d Paper; but that Pellet was puth’d in fo far, that the Sur- 
geon had much ado to get it out. I {hall conclude this Narration, with’ 
obferving that there was an eafy Correfpondence between thofe in the Bell, 
and in the Ship above, by writing with a Nail on a Plate of Lead tied to. 
the defcending Hogfhead C, which the Man at H taking in, the Anfwer 
to the Letter from above was written on the other fide of the Leaden. 
Plate; from which the Writing was beaten out upon an Anvil, when it 
had been read.above: then they wrote again upon one Side. 3 


32. In November in the Year 1732, I receiv’d a Letter from a very 
ingenious Gentleman, Mr. Martin Triewald, F. R. S, Captain of Me- 
chanics, and Military Archited to his Swedifh MayeEsty, concerning 
the Improvement of Dr. Halley's Diving Bell, which he has made cheap,, 
and entirely perfected ; and therefore deferves my Reader’s Perufal. See 
Plate 20. Fig. 8. | 


Stockbolm, Nov. 1. 1732 
REVEREND SIR, 


“9 ¥ Aving the fole Privilege for diving on all the Coafts in the Baltic 
ss belonging to his Swedi/b Majefty, no Opportunity has been 
“ wanting to make fufficient Trials with the Diving-Bell and Air-Barrels 

. Se 
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* in feveral Depths, according to the ingenious Improvement of that Leé. IX. 
worthy Gentleman Dr. Edmund Halley, made in the Year 1716, but =< 
with {mall Additions, Experience has likewife convinc’d me, that 
no Invention built upon any other Principles than thofe of the Campana 
Urinatoria, can be of ufe in any confiderable Depths ; or that ‘the 
** Diver, in any other Invention whatever, can be a fingle Moment fafe, 
© IT will not, for brevity fake, mention the many Impediments that at 
tend other Inventions, only that of a Water-Armour, in which a Man 
is drowned in an inftant, when fuch a Machine receives the leaft Leak : 
‘ whereas Experience has fhewn;. that when fuch an Accident has hap- 
pened to the Diving-Bell, as to my knowledge it did once, when the 
Diver was 12 Fathom under Water, and a pretty large Hole bappen’d 
tobe ftruck in the Bell; by a Bolt of the Wreck he went upon ;. at 
which time the Air ruth’d out of the fame with fuch Violence as afto- 
“ nifhed the Beholders, by the. exceffive boiling on the Surface of the 
Water, fearing, not without reafon, that the Man in the Bell was 
* drowned ; but he clapped his Hand to the Hole or Leak, and gave a 
Sign to be haul’d up, which was done with all the Eafe and Safety as 
if no Accident had happen’dto him, the Water haying only rifen about 
half'a Foot into the Bell by this Leak. The very fame Diver that was 
“ then in the Bell is 63 Years of Age, and has ufed the BufinefS of Div- 
ing ever fince he was 20, in a common Diving-Bell, till of late, and 
is as get a pretty {trong and healthy Man: He declares, that never a 
worfe Accident happen’d to him in his BufinefS but- once, when the 
Bell he was in ruth’d down at once about a Fathom or more, by the 
_Careleffnefs of thofe that worked the Bell; at which time the Blood 
came out of his Nofe and Ears, feeling befides an intolerable Preffure 
on his whole Body ; which fhews, that when a Man in a Diving-Bell 
is flowly and gradually let down, he at fuch a time, and by degrees 
refpiring comprefs’d Air, which by the Lungs is forced into the Blood, 
cannot feel the external Preffure, tho’ of highly comprefs’d Air, fur- 
rounding him, and that of the Water reaching fome Parts of his Body ; 
which Convenience no other Invention can yield or afford, where the 
Diver is to draw his Breath from Air in its natural State. I have 
often with a great deal of pleafure obferved, that when I have caufed 
the Bell to ftop, being lower’d down five Fathom, and the Diver taking 
in the Air contained in an Air-Barrel, lower’d down a Fathom deeper 
than the Bell, without opening the Cock for difcharging the hot Air ; 
the Water would, by the Accefs of the Air out of the Barrel, be quite, 
orto a very {mall matter, expell’d out of the Bell; and when the fame 
__ Was again lower’d down five Fathom more, the fame Operation with 
Ff 2 *¢ another 
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another Air-Barrel repeated, and the Bell afterwards haul’d up, it was 
no fmall matter of Delight to fee, that every Fathom the Bell came 
up, it would difcharge itfelf of the fuperfluous and large Quantity of 
Air, which came from the Bottom of the Bell in very large Bubbles, as 
big as Eggs of an Oftrich; which Difcharge of Air and Phenomenon 
continued, till the Aguilibrium of the Air in the Bell, and Preflure of 
the Water was reftored, and till the Bell came above the Surface of 
the Water. At other timesI have obferved, when no Air was by the 
way taken into the Bell, but the fame lower’d down the common 
way, and haul’d up again for fome time, that the very Inftant when 


¢ the Bell fhould part with the Surface of the ‘Water, the Strength of 
“two Men more was required at the Capfton at that time, than before 


and after the Bell hung freely in the Air; from whence I prefume it 
plainly appears, that the Air that paffes thro’ the Lungs of a living 
Creature, lofes its Elafticity, and that the Lungs of a Man make a 
kind of a Vacuum in the Bell’; for which reafon the Diver feels at the 
very Inftant, when the Bell parts with the Water, a very {mart Pref- 
fure in his Ears. Mbbde We 

“Tuo? Experience thus has taught me, that no Invention 1s more 
fafe and ufeful than the Campana Urinatoria, with the ingenious Im- 
provement of Dr. Halley; yet I have likewife found, that this Inven- 
tion is not to be made ufe of without confiderable Charge, requiring a 
large Veflel, and number of Hands, to the working and managing of 


* fuch a large Diving-Bell, and the Ait-Barrels with their refpective 


Weights’ for finking ; which Charges, however, according to the 
Depth of Water, and the Value of what is to be fetch’d up from the 
Bottom of the Sea, may not be regarded: but fince it more frequently 
happens in thefe Parts, that Cargoes of a far lefs Value than the Load- 
ings of Spanifh Galteons, Gc. are to be dived for; then next to the 
Goodnefs of the Invention, I have found myfelf neceffitated to think 
how the Expencés might be leffened, and that the Diving-Bell never~ 


‘thelefs might anfwer all the Intents and Purpofes of Dr. Halley's; which 


‘Improvement I take herewith the liberty to communicate to you, 
which is as follows. 


“ Typ Diving-Bell AB, ((ee Fig. 8.) T have caufed' ‘to be made 


of Copper, and reduced the fame to a very little Compafs'in regard to 
that of Dr. Halley’s, as you'll fee by the Scale under the Draught, by 
which means it is eafily managed by two Hands :_yet I prefume thata 
Diver may not only live in the fame for as long a time, and with as 
much Eafe, at a very confiderable Depth of Water, as ina Bell of 
twice its Capacity, for this reafon ; tho’ a Man in a large Bell has un- 

“* doubtedly 
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‘doubtedly more Air than ina Ief&, and confequently fhould be able to Lea. IX. 
fubfift a great while longer on a large Quantity of Air, than on a {mall sw 
Parcel ; yet, becaufe his Head for the moft part, is Kept in the upper 
Part of the Bell, where the hot Air takes up its Place and Refidence, 
he receives very little or no.Benefit of the Air under his Chin ot 
Breaft, tho’ never fo fit for Refpiration; which Air neverthelefs in the 
lower Parts of the Bell will remain cool a long time after he has been 
in the Bell, and with difficulty drawn his Breath; which cannot be 
denied, and is very obvious to any body who has been in a German 
Bagnio, and fuch as are made.ule of in this Country, where in a fingle 
Room all the Degrees of Heat are to be felt, by means of a Con- 
trivance like Stairs to the very top of the Cieling ; a Man when he 
places himifelf on the uppermoft Step will feel an exceflive Heat; fo 
that any body not very much ufed to it cannot endure the fame, nor 

‘draw his Breath, but will faint away; whereas on the firft, fecond 
or third-Steps from the Floor, the Heat is very moderate ; nay fome- 

‘times the Air near the Floor is pretty cool, when at the fame time 

*“ near the Cieling the Heat of the fame is intolerable, I will not men- 
tion many other Inftances, I could produce. 

“ To encounter this Inconvenience, I have caufed a {piral Tube of 
Copper, 4,¢, to be placed clofe to the Infide of the Bell, fo fixed that 
the fame may be taken out and cleanfed at Pleafure,. and with Eafe ; 
and at the fame time not to incumber the Diver when he is in the 
Bell; at the upper End of this Tube 4,.a flexible Leather Tube is 
joined two foot long, at the end of which is a turn’d Ivory Mouth- 

* piece, which the Diver (as foon as he perceives the Air to grow hot — 
in the Top of the Bell,) keeps conftantly in his Mouth, which he is - 
able to do by means of the flexible Tube in whatever pofture he is » 

In, ftanding, fitting, bowing his Head, @c. And all the while he 
draws his Breath thro’ the: afore-mentioned Tube, and-the Air from 

~¢; by which contrivance he not’ only draws continually cool and frefh 

Air as long as any is in the Bell, but occafions at the fame time a 

Circulation, which is fo neceflary to the very Being of Air, (efpecially 

ina comprefled State) and its Prefervation for the Ufe of Animals, . 

which I have found to be of great confequence; and fo much the 

more neceflary, as any body who has been in‘a diving’ Bell for a long » 
time, without any new Supplies of Air, and has been reduced to the 
laft Extremity of Breathing in the fame, will agree with me, that - 
when at fuch time the Bell begins to be haul’d up, and by that means 
the comprefled Air. allowed to expand, and be put into motion never 
“fo little, the Man receives, as it were, a new Life, and incredible 
' * Comfort 


2422 


Lect. IX. 
| aed 


Plate. 20. 
Fig, 8. 


ce 


cc 


(<4 


A Courfe of Experimental P hilofophy. 
Comfort and Eafe. Again, when in Coal-pits, Levels are drove in 
the Coal, or thro’ Dykes, the Air of the Level, or Adits, growing hot 
by the Breath and Sweat of the Hewers and Workmen for want of a 
Circulation of the Air; I have found it to be an excellent Remedy, 
ta place along the Side of the Drift or Adit, a fquare Wooden Box, 
open at both Ends, laid from the Place where the Air is cool and 
good, reaching as far, by joining one Box clofe to another, as where 
the Work is carried on. ‘Thus, by this fimple Contrivance, a Circu- 
lation of Air is obtained, and fometimes to that degree, that when a 
Candle is held at the End of the Box where the cool Air enters, the 
Flame is driven out by the Current of cold Air entring and circu- 
lating thro’ the Box. i 


_ & By which Experiment I am apt to think, that tho’ the Diver fhould 


not keep the End of the flexible Tube in his Mouth, which he may 
do with all the Eafe in the world, yet that the Air would circulate 
thro’ the Copper Tube, and he receive no fmall Benefit by it. 
D.D.D.D are the Weights for finking the Bell, fo contrived as with 
great eafe to be hooked on the fame hanging on the Table. ‘The 
Iron Plate E, fixed to the Chains FFF, ferves the Diver to ftand 
upon, when he is at work. The Bell is extremely well tinn’d with- 
in all over ; and as in all Rivers, and the Coafts of the Baltic Sea, 
the Water is extremely clear and bright, becaufe of no Ebb and Flood, 
I have placed three {trong convex Lenfes GGG. By thefe means — 
the Diver can not only fee what is under him, but likewife on all 
Sides at a good diftance. ; 

“ Turse Glaffes have ftrong Copper-lids like Snuff-boxes, HH H; 
which Lids are thut, when there is no occafion to difcover any Objects 
on the bottom of the Sea, and ferve to preferve the Glaffes from being 
broken. 

“ T Hope you'll pardon the Liberty I have taken, to trouble you 
with a long Letter, which I might have enlarged with an Account 
of other Inventions, which, if you approve of this, fhall in a little time 
follow: Inthe Interim I beg you'll grant me leave to remain with 
much Refpect 


‘< Reverend SIR, 
“ Your moft obedient and devoted bumble Servant, 


M. TRIEW ALD, 
F.R.S, Berl, and Swed. 
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33. Tue Comprefiion of Air by different Depths of Water is mea- —~—~ 
fur'd, and confequently any Depth of the Sea, by a Machine contrived 
by Dr. Stephen Hales and my felf, which I thewed the Royal Society 
in November 1728 ; and of which here follows the Account that I then 
gave in. ‘There have been feveral Machines contrived for meaturing the 
different Depths of the Sea, efpecially fuch as could not be determined: 
by the Lead and Line; but as thofe Machines confitted of two Bodies 
(the one fpecifically lighter and the other {pecifically heavier than Water) 
fo joined together, that as foon as the heavy one came to the bottom, 
the lighter fhould get loofe from it, and emerge; and the Depth was to 
be eftimated by the Time of the Fall of the compound Body from the 
top to the bottom of the Water, together with the Time of the Emer: 
fion of the lighter Body, reckon’d from the difappearing of the Machine, 
till the emergent Body was feen again, no certain Confequence could be 
drawn from fo precarious and incomplete an Experiment. 

For even in ftill Water, and in the fame Place, the Time will hard- 
ly be the fame in two Experiments : much lef will this Machine anfwer 
in the Sea, on account of the Waves and Currents, and many other 
Hindrances, | 

Bur as the Preffure of Fluids in all Directions is always the fame at 
the fame Depth, a Gage which difcovers what the Preffure is at the. 
Bottom of the Sea, will thew what the true Depth of the Sea is in that 
Place, whether the Time of the Defcent of the Machine be but a Mi- 
nute or two, or twenty times as long, 

Tue Reverend Dr. Hales, in his Vegetable Staticks, defcribes his Gage 
for eftimating the Preflures made in opaque Vefiels ; where Honey being 
pour’d over the Surface of Mercury in an open Veflel, rifes upon the 
Surface of the Mercury as it is preffed up into a Tube whofe lower Ori- 
fice is immers’d into the Honey and Mercury, and whofe top is herme- 
tically fealed. Now as by the Preffure, the Air in the Tube is condens’d, 
and the Mercury rifes, fo the Mercury comes down again when the 
Preflure is taken off, and would leave no Mark of the Height to which 
it had rifen; but the Honey Aor Treacle, which does better) which is 
upen the Mercury, fticking to the Infide of the Tube, leaves a Mark, 
which fhews the Height to which the Mercury had rifen, and confequent- 
ly makes appear what was the greateft Preffure. 

My Contrivance therefore is a Machine which will carry down Plate 20. 
Dr. Hales’s Gage to the bottom of the Sea, and immediately bring it up Fis: 9 
again. See Fig.g. AB the Gage-Bottle, Ff the Gage-Tube cemented 
to the Brafs Cap of the Bottle at G, with its open End / immerfed in 
the 
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Lect. 1X. the Mercury C, which by the Preflure of thirty-two Foot of Water is 
tev—-~4 carried up to d with a little Treacle or Honey d upon it, raifed up from 


Plate 20. 


Fig. g. 


D, a {mall Thicknefs of Treacle pour’d on upon the Mercury. } 
Wuen the Preflure of Water is from a Depth of 64 Foot, the Mer- 
cury and Treacle rife up to E, + of the Height of the Tube ; and fo 
higher proportionably to the Depth. 
N.B. A Scale may be. marked on the Tube with a Diamond. 
-K is a. Weight hanging by its Shank L in a Socket /, fixed at the 


Ring MB cemented at the Bottom of the Bottle. When the Hole L of 


the Shank is fhov’d up to m, the Catch / of the Spring S holds it from 
falling out of the Socket, whilft the Machine is defcending. But as 
foon as K touches the Ground at the Bottom of the Sea, the Hole L rifing, 
the Catch flies back and lets go the Weight, as it is feen in the Figure. 
Then the empty Glafs Ball I, (which at Sea may be a Hog’s Bladder) 
rifes up to the Surface of the Water with the Machine, in which obferv- 
ing how high the Infide of the Tube is daub’d, the Preflure, and confe- 
quently the Depth of the Sea is known. 

HG, is a Brafs Tube to guard the Top of the Gage-Tube. : 

Tuere ate Holes at F, G, and E, to admit the Water to pafs freely _ 
every where. it 

T o confirm the Ufe of this Sea-Gage, fhewn before the Society, I made 
another Experiment in the following manner. Having pour’d fome 
Quickfilver into the Bottle of the Gage, I pour’d on upon. it Treacle to 
the Depth of half an Inch, then {crewed on the Brafs Cap of the Bottle 
to which the Glafs Gage-Tube was cemented ; by which means the open 
End of the Tube was brought under the Surface of the Mercury, the 
fealed End being upwards, The Machine thus fitted, was immerfed in 
a Cylindric Veffel of Water, which with the Plate at top was prefled 
between two Pillars, in fuch manner that Air might be condenfed over 
the Water without efcaping. Then having forced in fo much Air with 
a Syringe as to lay on a Preffure equal to what would be in a Depth of 
40 Foot of Water, I open the Cock of the upper Plate, let out the Air, 
and, upon taking out the Machine, it appeared how high the Quick- 
oe had rifen in the Gage-Tube, by the greafy Mark which the Treacle 
Jeft within, | : 


Dr. Hales has fince made more Experiments of this fort, and pro- — 


_pos’d another Sea-Gage for vaft Depths; of which we fhall give an ac- 


* Annot. 9. count in the Notes *, 
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Of the RestsTAance of Fluids. 
LL the Bodies mov’d in Fluids faffer Refiftance, which arifes from 


two Caufes. The firft is the Cohefion of the Parts of the Liquid. 
A Body in its Motion, feparating the Parts of a Liquid, muft overcome 


ate 
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the Force with which thof Parts cohere, and thereby its Motion is re-. 


tarded. The fecond is the Inertia, or Inactivity of Matter, that belongs 
to all Bodies, which is the reafon, that a certain Force js required to re- 
move the Particles from their Places, in order to let the Body pafs. The 
Body acts upon the Parts to remove them, and they diminith its Motion 
_ by Re-action., | 

Tue Retardation from the firft Caufe, that is, the Cohefion of Parts, 
is always the fame in the fame Space, the fame Body remaining, be the 
Velocity of the Body what it will. The fame Cohefion is to be over- 

come in every cafe; therefore this Refiftance Increafes at the Space: run 
through, in which Ratio the Velocity alfo increafes ; therefore it is as the 
Velocity itfelf, | 

Tue Refiftance arifing from the Inertia, or Inactivity of Matter, 
when the fame Body moves thro’ different Liquids with the fame Velo- 
cities, follows the Proportion of the Matter to be removed in the fame 
Time, which is as the Denfity of the Liquid. | , 

WueEn the fame Body moves thro’ the fame Liquid with different 
Velocities, this Refiftance increafes in proportion to the Number of Par. 
ticles ftruck in an equal Time, which Number is as the Space run thro’ 
in that Time, that is, as the Velocity. But this Refiftance does farther 
ancreafe in proportion to the Force with which the Body runs againft 
every Part; which Force is alfo\as the Velocity of the Body. And 
therefore if the Velocity is triple, the Refiftance is triple from a triple 
Number of Parts to be remov’d out of their Places, It is al triple from 
a Blow three times ftronger again{t every Particle; therefore the whole 

Refiftance is ninefold, that is, as the Square of the Velocity. 

A Bopy therefore mov’d in a Liquid is refifted partly in a Ratio of 
‘the Velocity, and partly in a duplicate Ratio of it, The Refiftance from 
the Cohefion of Parts in Liquids, except glutinous ones, is not very fen- 

fible in refpect of the other Refiftance : which as it increafes in a Ratio 
of the Squares of the Velocities, but the firft in a Ratio of the Velocity 
itfelf; by how much the Velocity increafes, by fo much more do thefe 
- Refiftances differ amongft themfelves : wherefore, in fwifter Motions the 


-Refiftance alone is to be confidered, which is as the Square of the 
Velocity, + Slt {at 
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Le&. 1X.  ISHAxz not now treat of tenacious or glutinous Liquids, nor of flow 
——~ Motions, in which the Refiftance arifing from the Cohefion of the Parts. 
muft be confider’d. | : 

Ir a Liquid be included in a Veffel of a prifmatical Figure, and there 
be moved along in it with equal Velocity, and a Direction parallel to the: 
Sides of the Prifm, two Bodies, the one {pherical, and the other cylindric, : 
fo that the Diameter of the Bafe of this laft be equal to the Diameter of 
the Sphere, and the Cylinder be mov'd in the Direction of its Axis; 
thefe Bodies will fuffer the fame Refiftance. To demonftrate this, fup- 
pofe the Bodies at reft, and that the Liquid moves in the Veflel with the 
fame Velocity that’ the Bodies had; by this the relative Motion of the 
Bodies and the Liquid is not changed, therefore the Actions of the Bodies | 
on the Liquid, and of the Liquid on the Bodies, are not changed. “The 
Retardation which the Liquor fuffers in pafling by the Body, arifes only — 
from this, That in that Place it is reduced toa narrower Space, but the 
Capacity of the Vefiel is equally diminifhed by each Body; therefore 
each Body produces an equal Retardation. And becaufe Action and Re- 
action are equal to one another, the Liquids act equally upon each Body ; 
wherefore alfo each Body is‘equally retarded, when the Bodies are moved, 
and the Liquid is at reft. 

Tu1s Demonftration will alfo obtain, tho’ the Veffel be fuppos’d much. 
bigger ; and it will do in an infinite Liquid comprefs’d ; therefore it may 
be referr’d to Bodies deeply immers’d. Here we {peak of a continuous 
Liquid, and whofe Parts, cannot be reduced into a lefs Space by Preflure ; 
otherwife there will be an Accumulation before the Body, and a Relaxa-: 
tion behind ; and fo much the more, the more blunt the Body is ; which 
alfo caufes a greater Irregularity in the Motion of the Liquid, and a greater 
Retardation in the Motion of the Body. 

Wuen a Body is mov'd in any Liquid along the Surface, the Liquid 
is rais’'d ‘before the Body, and deprefs’d behind; and thefe Elevations and 
Depreflions are greater, the more blunt the Body is, and by that mieans 

it is more retatded ; for there is alfo a greater Irregularity in the Motion 

of the Liquid in this cafe, which (till more increafes the Retardation of the 

Body. ‘This ‘is alfo true, if the Body be not immerfed deep + yet in that 

cafe the Isregularity of the Motion of the Liquid is the chief Caufe of the 

Retardation, | | 

. Tuernrore, to take away thefe Irregularities, we mutt ‘confider 
Bodies as deeply immers’d, and give Rules relating to them; by which 
the Retardations in feveral cafes may be compai’d together. We fup- 
pofe the Bodies fpherical, tho’ the Demonftrations will ferve for all fimi- 

Jar Bodies mov’d in the fame manner. Ne, | 
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Here you mutt obferve, that the Refiftance is to be diftinguith’d Le&. IX. 
from the Retardation ; the Refiftance produces the Retardation, When —<“v—™ 
we {peak of the fame Body, the one may be taken for the other, becaufe 
they are in the fame Proportion ; but, fuppofing the Bodies different, the 
fame Refiftance often generates different Retardations, From the different 
_ Refiftance arifes a Motion contrary to the Motion of the Body ; the Retar- 
dation is the Celerity, and the Refiftance itfelf is the Quantity of Motion, 

Lert the Bodies be equal, but of different Denfities, and mov’d thro’ 
the fame Liquid with equal Velocity, the Liquid aéts in the fame manner 
_ upon both; therefore they fuffer the fame Refiftance, but different Re- 
tardations ; and they are to one another as the Celerities, which may be 
generated by the fame Forces in the Bodies propos'd; that is, they are 
inverfly as the Quantities of Matter in thofe Bodies, or inverfly as the 
Denfities. | | ey : 

Now, fuppofing Bodies of the fame Denfity, but unequal, mov’d 
equally faft thro’ the fame Fluid, the Refiftances increafe according to 
their Superficies, that is, as the Squares of their Diameters; the Quanti# 
ties are increas’d in proportion to the Cubes of the Diameter, the Re- 
fiftances are the Quantities of Motion, the Retardations are the Celerities 
-ariling from them, dividing the Quantities of Motion by the Quantities 
of Matter, you will have the Celerities; therefore the Retardations are 
direGily as the Squares of the Diameters, and inverfly as the Cubes of the 
Diameters ; that is, inverfly, as the Diameters theméelves. 

Ir the Bodies are equal, move equally fwift, and are of the fame 
_ Denfity, bat are mov’d thro’ different Liquids, their Retardations are as 
the Denfities of thofe Liquids. | | 

WHEN Bodies, equally denfe and equal; are carried thro’ the fame 
Liquid with different Velocities, the Retardations are as the Squares. of 
the Velocities, | : | ee 
From what has been faid, the Retardations of any Motions may be 
compar’d together, for they are firft, as the Squares of the Velocities ; 
_fecondly, as the Denfities of the Liquids, thro’ which the Bodies are 
mov'd; thirdly, inverfly, as the Diameters of thofe Bodies ; laftly, inverfly, 
as the Denfities of the Bodies themfelves. | 
_ Tue Numbers in the Ratio, compounded of thofe Ratio’s, exprefs 

the Proportion of the Retardations, multiplying the Square of the Velo- 
city by the Denfity of the Liquid, and dividing the Produé&t by the Pro- 
duc of the Diameter of the Body multiplied into its > Denfity, and 
working thus. for feveral Motions, the Quotients of the Divifions will 


ftill have the fame compound Ratio to one another, 
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Le&. IX. | Turse Retardations may be alfo compar’d together, by comparing 

ty the Refiftance with the Gravity. It is demonftrated, that the Refiftance 
of a Cylinder, which moves in the Direction, of its Axis (to which the | 
Refiftance of a Sphere of the fame Diameter is equal) is equal to the 

- Weight of a Cylinder made of that Liquid, thro’ which the Body is | 

mov’d, having its Bafe equal to the Body’s Bafe, and its Height equal to — 
half the Height, from which a Body falling 7 vacuo may acquire the 
Velocity with which the faid Cylinder is moy’d thro’ the Liquid. © 
From the given Celerity of the Body mov’d, the Height of the Liquid _ 
Cylinder is found, as alfo the Weight of it from the known {pecifick 
Gravity of the Liquid and. Diameter of the Body. Let a Ball, for Example, _ 
of 3 Inches Diameter be mov’d in Water with that Celerity with which. 
jt wou’d go thro’ 16 Foot ina Second: From what has been faid of 
falling Bodies and Pendulums, as alfo by Experiments made on Pendu- 
lums, it has been found that this is the Celerity which a Body acquires 
in falling from a Height of 4 Foot; therefore the Weight of a Cylindes 
@f Water, of 3 Inches Diameter, and two Foot high, that is, a Weight 
of about 6 Pounds, is equal to the Refiftance of the aforefaid Ball. 

Ler the Refiftance fo difcover’d be divided by the Weight of the Body, 
which determines its Quantity of Matter, and you will have the Retarda- 
tion. By which Rule the Proportion of the feveral Retardations is dil- 
cover’d, and found to be the fame as is given by the foregoing: Rule. 

A Bopy freely defcending in a Liquid is accelerated by the refpective _ 
Gravity of the Body which continually a&ts upon it; yet not equally, as 
in a Vacuum, the Refiftance of the Liquid occafions a Retardation, that, 
is a Diminution of Acceleration, which Diminution increafes with the 
Velocity of the Body. For there is a certain Velocity which is the 
ereateft that a Body can acquire by falling; for if its Velocity be fuch, 
that the Refiftance arifing from it becomes equal to the refpective » 
Weight of the Body, its Motion can be'na’ longer ‘aecelerated ; for the 
Motion which is continually generated by the refpective Gravity, will 
be-deftroy’d by the Refiftance, and the Body fore’d to go on equably: 
the Body continually comes nearer and. nearer to this greateft Celerity,, 
but can never attain to it. Hy . 

WueEn the Denfities of a Liquid and a Body are given, you have the 
refpective Weight of the Body; and by knowing the Diameter of the 
Body, you may find out from what Height a Body falling 7 vacuo can 
acquire fach a Velocity, that the Refiftance in a Liquid fhall be equal 
to that refpective Weight, which will be the greateft Velocity above- 
mention’d. | 2 


fe 
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Ir the Body be a Sphere, it is known that a Sphere is equal to.a Cy- Le&. IX. 
linder of the fame Diameter, whofe Height is two third Parts of that —v—™ 
Diameter; which Height is to be increas’d in the Ratio in which the 
refpective Weight of the Body exceeds the Weight of the Liquid, in or- 
der to have the Height of the Cylinder of the Liquid, whofe Weight 
is equal to the refpective Weight of the Body: but, if you double this 
Height, you will have a Height, from which a Body, falling 7 vacuo, 
acquires {uch a Velocity as generates a Refiftance equal to this refpective 
Weight, and which therefore is the greateft Velocity which a Body can _ 
acquire, falling in a Liquid from an infinite Height. 

Lean is eleven times heavier than Water, wherefore its refpective 
Weight is tothe Weight of Water as 10. to r ; therefore a Leaden Ball, 
as it appears from what has been faid, cannot acquire a greater Velocity, 
falling in Water, than it would acquire in falling 7m vacuo, from an 
Height of 134 of its Diameter. 

A Bopy lighter than a Liquid, and: afcending in it by the Action, of 
the Liquid, is moved exaGly by the fame Laws as a heavier Body fal- 
ling in the Liquid. Where-ever you place the Body, it is fuftained by 
the Liquid, and carried up with a Force equal to the Difference of 
the Weight of the Quantity of the Liquid, of the fame Bulk as the Body, 
from the Weight of the Body, therefore you have the Force that con- 
tinually aéts equably upon the Body, by which, not only the Action of 
the Gravity of the Body is defiroy’d, fo that it is not to.be confidered in this. 
cafe, but by which alfo the Body is carried upwards by a Motion equa- 
bly accelerated, in the fame manner as a Body heavier than a Liquid, 
deicends by its refpective Gravity; but the Equability of the Accele- 
ration is deftroy’d. in the fame manner by the Refiftance, in the A 
cent of a Body lighter than the Liquid, as it is deftroy’d in the Defcent. 
of a Body heavier than the Liguid. 

Wen a Body fpecifically heavier than a Liquid, is thrown up in it,. 
it is retarded upon a double account; on account of the Gravity of the 
Body, and on account of the Refiflance of the Liquid; therefore a Body, 
rifles to a lefs Height than it would rife 72 vacuo with the fame Celerity, 
Bat the Defects of the Height in a Liquid, from the Heights to which a 
Body would rife zz vacuo with the fame Celerities, have greater Proportion, 
to each other than the Heights themfelves ; and, in lefs Heights, the De- 
fects are nearly as the Squares of the Heights 7 vacuo. ! 

In the Annotations to our feventh Leéture, we have explain’d tle 
Conduct and Expence of Water from Ponds and Reférvoirs fufficient for 
Practice; now we will be yet more exaéh upon that Subjet, giving the — 

: Confiderations. 
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Le&t.IX. Confiderations and Experiments from which a great many of the pres 
ey 077] i Rules were at firft deduc'd. 


Plate 20. 


Fig. 10. 


We fhall here take particular Notice of what happens to sets ‘fii 
ing out of Veffels, and the Irregularities of that Motion. 

THe Quantity of a Liquid, which in a given Time flows Giied a 
given Hole, increafes in Proportion to the Velocity of the Liquid going 
out; this depends upon the Height of the Liquid above the Hole, and 
it is no matter to what part the Motion of the Liquid i is directed ; chapee 
fore the Squares of the Quantities flowing out, are in the Rage uf the 
Heights of the Liquid above the Holes. 

Ty Veffels which are not fupplied by the flowing in of the Fitndidl 
the Celerity of the Liquid flowing out ts continually chang’d ; to which 
Regard muft be had, when you compare together the Times j in whice 
digccent Vefiels are ‘emptied. 

HERE we confider cylindric Veflels ; and what is here faid may be 
eden) to any Vefiels that are of the fame bignefs from top: to bottom ; 

we fuppofe the Liquid to flow out from a Hole in the Bottom. 

Tue Times in which cylindric Veffels of the fame Diameter and 
Height are emptied, the Liquid flowing from unequal Holes, are to 
each other inverfly as thofe Holes. 

WueEwn the Vefiels are cylindric, unequal, and equally high, they 
are emptied thro’ equal Holes, in Times that are to one another as the 
Bafes of the Cylinders. 

- Lastry, Let there be two cylindric Veflels, whofe Bafes are yer 
fie their Heights, for Example, as 1 to 4, and let them: .be evacuated 
thro’ equal Holes, The Fimes in which correfpondent Parts are emp- 


tied are as 1 to 23 becaufe in twice the Time with a.double Celerity, 


a quadruple Quantity is emptied. . But as the Times are in the fame 
Ratio for each correfpondent Part, Chie Times in which the whole Veffels 
are emptied are alfo, as 1 to 2. If the Veffels are as 1'to 9, ‘the Times 


willbe, as 1 to 3; As the Heights of the Veilels, {o are the ae of | 


the Times. 
EXPERIMENT 20. Plate 20. Fig. to. 


Let there be three thin cylindric Veffels of Metal A,’°C, B, having 
equal Diameters, and whofe Heights are, as 1, 3, and 4; let each of 
them have a Lip in the top, to let the Water run out when it comes to 
a certain Height, which Lip muft be reckon’d the Top of the Veffel ; 
in the Bottoms of the Veffels A and B, which are as 1 to 4; let there 
be equal Holes, and let them bs filled with Water ; let the Holes be 


open’d in the fame Moment ; ; if the Water running out of B be receiv’d 


in the Veffel C, it will be fill’d in the fame time that A is evacuated. C 
contains 
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contains three Quarters of ‘the Veflel B; the Quarter which is left will Le&. IX. 
alfo be evacuated in the fame time as the Veffel A, which is evident to 

_ Senfe ; therefore A is emptied twice, whilft B is emptied once, hig eet 

Tue Times in which any cylindric Vefiels are evacuated, are ina Ra- 
tio compounded of the Bafes, of the inverfe Ratio of the Holes, and of. 
the {quare Roots of the Heights. | 7 

THE cylindric Veffel may be fo divided, that the Parts intercepted 
between the Divifions {hall be emptied in equal Times, which will hap- 
pen, ifthe Diftances of the Divifions from the Bafe be as the Squares of 
the natural Numbers; for the Times of the Evacuations of the Veffels, 
whole Heights are in that Proportion, are as the natural Numbers,’and 
the Differences of the Times are equal. 

Tue Time in which a cylindric Veflel is emptied, is as the Celerity 
with which the Liquid begins to run out; therefore the Celerity, while. 
the Liquid deicends in the Veffel, is diminifhed in the fame Ratio as the 
Time of the Evacuation of the Liquid remaining in the Veffel, and the 
Motion of a Liquid running out of a cylindric Veffel, is equally retarded 
in equal Times. 

Ir thro’ equal Holes a Liquid runs out of a Cylinder, and out of an-: 
other Vetiel of the fame Height, (and in which the Liquid is always fup- 
plied, fo asto be kept at the fame Height) in the Time in which the 
Cylinder is emptied, there runs outtwice as much Water from the other - 
Vettel as from the Cylinder. : 

Bestpes the Irregularities from FriGion, and: the Refiftance of the 
Air, there are feveral others arifing from the ‘Cohefion of Parts,.even int 
Liquors that are‘not glutinous.. I thall here only fpeak of Water. We: 
obferve in relation to it, that tho’ it be driven by theYame Force in any 
Direction, the Height of the Water above the Hole remaining the fame, 
yet it will defcend the more {wiftly'in a vertical Direction; the Water in 
falling is continually accelerated in its Motion, it coheres with the follows 
ing Water, and cccelerates that, and increafes the Velocity of the Water 
Howing out of the Vedlzl. | iT 

EXPERIMENT 28. © Plate 20. Fig. 10. 

For this reafon the Motion out of a Veffel, that has a Tube fix’d to 
its Under-Side; is alfo accelerated.’ Let E be fuch a Veflel equal and 
fimilar to the Veffel A; and which, together with the Tube, makes up. 
the Height of the Veffel B; let the Tube have the Holes at both Ends, 
equal to the Holes at the Bottoms of the Vefiels A and B;) fill the Water 
in the Vefiels A, E, and B, In the Beginning of the Motion, the Water 
flows from the Veffel E and B with equal Celerity, becanfe the Heights. 
of the Water above the Holes, from which the Water goes out, are: 

equal. 5, 


a3 
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Lect. IX. equal ; but the Celerity; in the Veffel E, is immediately diminifh’d, be- 
u—v———_ caufe there cannot run a greater Quantity of Water out of the Tube than | 


Plate 20. 
Fig. 10. 


what comes in at the upper Hole of the Tube, into which Hole no more 
Water can run in, than what can flow out of the Vefiel A. Since the 
Parts of the Water cohere, the Water, which runs out, accelerates that 
which runs into the Tube, and this laft retards that which runs out; and 
fo the Quantity of Water, which in a certain Time runs out of the Veffel 
E, isa mean Quantity between the Quantities of Water that can run out 
at the fame time fromthe Veffels A and B. 


EXPERIMENT 22. Plate20. Fig. to, eas 

Tur Vefilels ‘A, E, and B, being made of fome thin Metal, in the 
Proportions above-mention’d, fill with Water A and E; having open’d 
the Holes at the fame Inftant.of Time, the Water of the Surface at E 
will defcend fafter than at A; on the contrary, if you make ufe of the 
Vefiels Eand B, it will defcend fafter in the laft than in the firft, 

Let the upper Hole of the Tube, by which it communicates with the 
Veffel, remain as before ; and the lower Hole be open’d wider: then a 
greater Quantity of Water will flow out, and the Water which goes into 
the Tube will be more accelerated; this Hole may be made fufficiently 
wider without altering the Length of the Tube ; infomuch, that a greater 
Quantity of Water (hall flow out from it than from the Veffel B. In © 
that cafe thro’ the upper Hole of the Tube, ata {mall Depth below the — 
Surface of the Water, there flows out a greater Quantity of Water, than 
from an equal Hole four times the Depth. The tame may be done by 
applying a longer Tube, without widening its lower Hole. 


ExpeRIMENT 22. Plate 20. Fig. 10. 


Taxe the Veflel F no way different from the Veffel E, but in hay- — 
ing the lower Hole of its Tube bigger ; take alfo the above-mention’d — 
Veffel B. The Diameters of the Hole in the Bottom of this, and of the © 
upper Hole of the Tube, which is join’d toF, are of four Lines (5 of an | 
Inch) the lower Hole of this Tube is of five Lines, Let the Vetiels be 
fill’d with Water ; and let the Water begin to run out of both at the fame 
Moment ; the Surface of the Water in F will defcend fafter than that of © 
B. The-Veflel Bis about 16 Inches high. 


End of the NintTu LecTuRE. 
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, ANNOTATIONS upon the Ninth LeQure. 


1. [5.———Improvements upon the Inftrument.] 


R. CLARKE, a Turner and Engine Maker, who lives (or may be Annotat. 
| heard of) at York-Buildings Water- Works, having found that very Lect. IX. 
few (even of the beft) Hydrometers of Glafs had their Stem fo truly —3¥j—~ 

cylindrical, that one might depend upon their Divifions ; and that the hy- 
_ droftatical Balance (the only certain Inftrument for finding the different {peci- 
fick Gravity of Liquors exactly) cannot well be carried in the Pocket, and 
much lefs managed and underftood by Perfons not ufed to Experiments; was 
refolved to perfect the Hydrometer, for the Ufe of thofe that deal in Brandies 
and Spirits, that by the Ufe of the Inftrument they may, by Infpedtion, and 
without Trouble, know whether a fpirituous Liquor be Proof, above Proof, 
or under Proof, and exactly how much above or under; and this muft be of 
great ufe to the Officers of the Cuftoms, who examine imported or exported 
Liquors. | 3 

jee having made feveral fruitlefs Trials with Ivory, becaufe it imbibes 
{pirituous Liquors, and thereby alters its Gravity, he at laft made a Copper 
Hydrometer, reprefented by Fig. 11. having a Brafs Wire of about + of an 
Inch thick going through, and folder’d into the Copper Ball B b. The upper 
Part of this Wire is filed flat on one fide, for the Stem of the Hydrometer, 
with a Mark at m, to which it finks exactly in Proof-Spirits. There are two 
other Marks, A and B, at top and bottom of the Stem, to fhew whether the 
Liquor be +, above Proof, (as when it finks to A) or ;', under Proof, (as 
“when it emerges to B) when a Brafs Weight, fuch as C, has been {crew’d on, 
to the Bottom atc. There are a great many fuch Weights of different Sizes, 
and marked to be {crew’d on, inftead of C, as K, €. for Liquors that differ 
more than =*, from Proof, fo as to ferve for the fpecifick Gravities in all fuch 
Proportions as relate to the Mixture of fpirituous Liquors, in all the Variety 
amade ufe of in Trade. N.B. Proof Spirits, whether Brandy, Rum, &c. or 
Englith Spirits, weigh feven Pounds, 12 Ounces, per Gallon. 

THER arealfo other Weights to be fcrew’d on for fhewing the {pecifick Gravi- 
ties quite to common Water, which makes the Inftrument perfect in its kind. 

N.B. The round Part of the Wire above the Ball may be mark’d a-crofs, as 
reprefented in Figure 12 5 that when the Weight, as C, which fits the Inftru- 
ment for the Trial of River-Water that finks it to RW, it may ferve for 
Wines, or other Waters, which differ fo little, that it may foew their Diffe- 
vence upon the Marks on the Stem, without putting on another Weight at bot- 
tom. ASP, Spring-Water ; at M1, Mineral-Water ; atSE, Sea-Water; 
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and at SA, the Water of falt Springs may be denoted: whilft the Marks above, 
viz. br, ra, po, mo, come down to the Surface of the Water in the Veffly 
in which the Hydrometer Jwims, when it is fuccefively pur into Briftol-Water, 
Rain-Water, Port Wine, and Mountain Wine. 

Persons who are ufed to drink no other Liquer but Water, wil by their 
Tafte diftinguifh when there is but little Difference in the fpecifick Gravity 5 
that being the pureft and wholefomeft Water, which is the lighteft. I made 
an Hydrometer once for a Friend, to diftinguifh thofe Differences fo nicely, 
that it would fhew when-one kind of Water was but =.2.+ Part heavier than 
another. It was made in the following manner, as reprefented by fig. 13. 
Plate 20. CBd is an ‘hollow Glafs Ball of about-three Inches Diameter, with 
a fmall Ball ‘under it, of about an Inch Diameter. ‘There ts a fhort {mall 
Neck at C, on which is fix’da Brafs Head with a fine Screw, into which 
the little Piece Cc is to be ferew*d, which is jom’d toa Wire C A of about 
=, of an Inch Diameter, and 10 Inches long, and by fenfible Marks divided 
into Inches, and Tenths cf Inches. Taving put a certain quantity of fmall 
Shot into the Ball 2, fo that when the Head C c, with its Wire'C A 1s fcrewd 
on, it fhall fink as far as D (for example, five Inches) m River or foft 
Spring-Water; by obferving how far this Hydrometer finks lower in one 
kind of Water than another, ‘one may know their different fpecifick Gravity 
to 2 40000" Part, which correfponds with one Tenth of an Inch mark’d on 
the Stem AC. ‘The Truth of this Nicety is prov’d in the following manner: 
When the Hydrometer floats in Water in the Jar 1 K L M, ( Fig. 13°) allies | 
Surface of the Water cutting the Stem at D, if you lay a Grain Weight upon 
the Top of the'Stem at A, the Inftrument ‘will fink fo, that the Mark D of the 
Stem will fettle one Inch under'the Surface, which will fhew that a Gram will 
fink itanIach. When this Hydrometer is weigh’d in a Balance, it is found 
to weigh 4000 Grains, (and knowing before-hand that every Inch of the gra- 
duated Wire weighs 10 Grains) therefore the Part of it DCBdcD mutt 
weigh 3950 Grains, Now by what has been faid’*, a Bulk of Water equal 
to DC BSc D, the immers’d Part, weighs juft as‘much as the whole Hydro- 
meter, viz. .4000 Grains, therefore we do by this Inftrument compare toe 
gether the different Bulks of 4000 Grains of Water, according to their diffe- 
rent fpecifick Gravittes 5 and fince the whole Inftrument is funk an Inch by 
the Weight of one Grain, and the Inftrament will ftand at one Tenth of an | 
Inch, (the Difference that it will fhew in Waters in which it floats) it is evi- | 
dent that it will diftinguifh the Tenth of a Grain in 4000, or the 4c00o™ 
Part-of.the whcle Bulk oftthe Water. ‘NV. B. By altering the Quantity of 
Shot in the Ball 4, the Inftrument may be prepar’d for the comparifon of any — 
two.other Liquors, that are of nearly the fame fpecifick Gravity. 

4 Ree Low to do this, let the Proportion of Gold and Silver be what it 
cull, will be sewn in'the Notes.) The Problem which Archimedes folv'd, in 
fiading what Quantity of Gold was in the Crown, may be thus exprefs’d. | 

{et a Mixture of two Metals be given; it muft be found how much of © 
each Metal is contain’d in the Mixture, if the Denfities of the Metals and | 
the Denfity of the Mixture be given.. 

ET 
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Let the Denfity of the Metals be AB, AD; (Plate 20. Fig. r4.) and Annotat. 
the Denfity of the Mixture be AC. Let alfo A L and LI be as the Bulk Leé&, TX. 
of the firft and fecond Metal in the Mixture. Let us fuppofe the Re@langles —~— 
AF, LH, A G to be drawn, Plate zo. 
Tue Weight of the firft Metal in the Mixture may be reprefented by the PN 
Rectangle A F ; and in this cafe the Rectangle LH reprefents the Weight 
of the fecond Metal ; andthe Figure ABF MHIA reprefents the Weizht 
of the whole Mixture: this is alfo fhewn by the Rectangle A C GI, which 
for that reafon is equal to the Figure mention’d, 
Takinc away from each fide the Figure A CN M HI common to both, 
there remain the equal Triangles BN, NH; whofe Sides are reciprocally 
proportional, F N being'to NM, as N G to NC; that is, as LI to AL; 
therefore F M has the fame Ratio to F N, as A ItoL I. So that the Bulk 
of the Mixture: isto the Bulk of the fecond Metal in the Mixture: : as the 
Difference of the Denfities of the firft and fecond Metals : to the Difference of 
the Denfities of the firft Metal and the Mixture. 
But the Weight of the whole Mixture is to the Weight of the fecond Me- 
tal in the Mixture, in a Ratio compounded of the Denfities of the Mixture 
and the fecond Metal,’ and the Ratio of the Bulk of the Mixture and the 
Bulk of the fecond Metal in the Mixture; 7. ¢. as the Product of the Denfity 
of the Mixture, by the Difference of the Denfities of the Metals, is to the 
Denfity of the fecond Metal, multiplied into the Difference of the Deafities of 
the firft Metal and the Mixture. : 
‘Tuts Solution is founded upon the'Suppofition that each of the Metals keep 
their whole Bulk in the Mixture ; for if fome of the Parts of the one penetrate 
into the Pores of the other, the Solution will not be exact. For no Man ean 
fay that in every Mixture of Metals there is only an Appofition of the 
{mall Parts to each other; becaufe the Denfity of Copper may be increas’d by 
melting Tin with it: for Bell-Metal and Cannon-Metal, a Mixture of thefe 
two Metals in different Proportions, is fpecifically heavier than Copper, and 
therefore I would recommend this chiefly for Gold and Silver. 
3. [10.———See the Notes, where this Problem is folv’d algebraically.| Let 
the fpecifick Gravities be denoted by thefe Letters, , 
The Fluid Bh we 
The heavy Body = w, 
The lighter Body = fF. 
Their refpective Bulks of the fame Weight will be reciprocally proportional to 
thofe Exponents: thus they may be exprefs’d, 1: ae 
. Fluid = w, 
Heavy Body = 4. 


Lighter Body = = to which Jet us fubftitute s. 


Now if the abfolute Weight of one of the Bodies be given, as here, the 
heavieft, let us call it , and the unknown Weight of the lighter x, their 
Bulks will be exprefs’d by 4 and s, and their total Bulk 4 —-+»s- muft 
be equal to the Bulk of an equal Weight of Water d w- x w, whence we 

Hh 2 have . 
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Annotat. have this A/quation, du +s =bw-+-x ws; which being cleared, gives the 
Leét. IX, Value of x. bw—buarns—xw, 
yet Other wile peer Pu x, which was to be found, 


o— Ww 


Otherwife : | 
Ler the Weight of the heavy Body = 4, of the Cork = x, and the fpeci- 
fick Gravities of the heavy Body 4 = 10, of the Cork = 4, of the Water = g, 
Since the Weights are as the fpecifick Gravities multiplied by the Bulks, 


the Bulksare as the Weights divided by the fpecifick Gravities ; thatis, a and 
will reprefent the Bulks of the heavy Body, and of the Cork; whence 


their joint Bulk will be =-} *£ = 2°E4°*, which being multiplied 
by 9, (the fpecifick Gravity of the Water) muft make a Weight of Water 
9 


40x 


at Bet >: equal to the Weight of the Body and the Cork = J + x, 


- 10 
Whence 92+ 40 x= 100-4 10%; 
That is 20 Xoo 2 
= = ww. And when d= 150f6.: 3°16, = 5 16. = x, 
Moreover, to have the Proportion of the Bulk of Cork to the Bulk of 
the heavy Body, fince thofe Bulks are as the Weights divided by the fpecifick 


o 7.8 _ 1 5 
Gravities, they will be as 48°, and ee 


2 


As 15 to 2,22, &c. or 2 5, or 
or as 135 to 20. 


9. fry When remov'd into a lighter Fluid, or a Vacuum.) From this 
Confideration a ludicrous Queftion may be ferioufly anfwer’d, viz. which is 
heavieft, a Pound of Feathers, or a Pound of Lead? Leta Pound be placed in 
the Scale cf a Balance, and as many Feathers put into the other Scale, as wil 
bring it toan Aquilibrium with the Lead. ‘Then it may be fafely pronounc’d, 
that thofe Feathers are heavier than the Lead: becaufe when as much Matter 
in the fhape of Feathers as the Lead contains, has been put into the Scale, the 
Feathers then lofe of their Weight in the Air as much as an equal Bulk of Air 
weighs, (for example, 7 of an Ounce, whereasthe Lead lofes only one Grain) 
and ‘therefore an Handful or two of Feathers muft be thrown into the Scale, to 
reftore the Zquilibrium loft by the Bulk of the Feathers. 

ANnp if we could take away the Air which makes this Difference, the Fea- 
thers would appear to be, what they really are, much heavier than the Lead, 
This will be better illuftrated by the following | 


F ExperRIMENT 1. Plate 20. Fig. 15. 
Plate 20. In'a Glafs Receiver E LL, ftanding on the Plate of the Air-Pump LL, there 
Fig.15. hangs up, from the Machine D E, a little nice Balance 4 4, in one of whofe 
Scales is plac’d an Ounce of Lead p, and in the other a Cube of Cork ¢, which 

| keeps 
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keeps it in Aquilibrium. Upon pumping out the Air from the Glafs, the Annotat. 
Cork ¢ will over-weigh; and upon letting in the Air again, the #quilibrium Le&. IX. 
will be reftor’d 5 becaufe the returning Air fupports again what the Cork has ————~ 
more of Matter than the Lead. | 

Gy [-E2. But that Nicety is overlook’d in commen Uje.| As it follows from 
what we have faid, that he who buys wrought Gold in foul Weather, when 
the Air is light, by the Weight of Brafs, has a fmall Advantage in comparifon 
of him who buys it when the Air is heavy; and he that buys Diamonds, on 
the contrary,. will have an Advantage when the Air is heavy ; what this Ad-- 
vantage is I will here fhew. Ffirft, let us confider in general, that the fpeci- 
fically lighter a Body is, the more additional Matter it muft have to make 
Aiquilibrium with a Body fpecifically heavier ; and when the Air is become 
much heavier, as we may fee by the Barometer, fuppofe one Tenth, it will 
lofe ftill more of its Weight than its Counterpoife, in proportion as it is fpeci- 
fically lighter, which will difturb the quilibrium, that cannot be reftor’d 
without adding Matter to the fpecifically lighter Body : thus therefore when: 

Gold is counterpois’d with Brafs in foul Weather, (fuppofe when the Baro- 
meter ftands at 28) the Brafs will become lighter in very fair Weather, (fup- 
pofe when the Barometer ftands at 31, and the Air has increas’d its fpecifick 
Gravity +.) and there muft be more added to the Brafs (that is, the Weights - 
muft become more in Name) to make an 4 quilibrium, to the Difadvantage. 
of the Buyer of the Gold. Onthe contrary, fince Diamonds are fpecifically. 
lighter than the Brafs of which the Weights are made, in very fair Weather 
Matter muft be added on the fide of the Diamonds, (that is, Diamoads muft 
be added) to reftore the quilibrium, without calling the Weights more, tho’ 
the Diamonds are increas’d in Quantity, to the Advantage of him who buys 
the Diamonds then. But an Example will fhew how fmall the Gain is in 
thefe Cafes. 

_ Firft for Gold. As the Brafs Weights commonly made ufe of are generally . 
made of Pot-Metal which has Lead in it, they are fpecifically heavier than 
common Brafs; fo we will, for the Facility of Calculation, fuppofe that Metal . 
of half the fpecifick Gravity of Standard Gold. 

_ A Bu x of Gold equal toa Pound of Brafs Weights, weighs two Pounds, 
and lofes one Grain of its Weight in the Air in foul Weather, (when the Ba- 
rometer ftands at 28 Inches.) A Weight of Brafs equal to this Gold is in’ 
Bulk feven cubick Inches; therefore lofes two Grains of its Weight in Air, 

(the Barometer ftanding at 28 Inches.) 

Tuese two Metals are in equilibrio in foul Weather ; but the Weather be- 
coming ferene, and the Air ~*, heavier, the Barometer ftanding at 31, the 
Abquilibrium is loft, the Gold over-weighing ; for the Gold now lofes but +3; 
of a Grain more than it did in the laft Aguilibrium, viz. one Grain and +> 
of a Grain: whereas the Brafs lofes .*. of a Grain more than it did, viz. two 
Grains and 2, of a Grain ; which being 54, of a Grain more than the Gold 
lofes, we muft add that Weight to the Brafs, to reftore the Aquilibrium in 
this Cafe, whereby we fhall call the Gold ~; ofa Grain more than it is—~and 


this 
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Annotat. this in Value is the fifth Part of a Penny, reckoning Gold at Two-pence a 
Leé&t. IX. Grain: or one Part in 115200. ; 
———~ For Diamonds, this is the Calculatien. 

‘Ir inftead of the Gold we make an Aquilibrium in the Scale oppofite to 
the two Pounds of Brafs Weights with Diamonds, their Bulk will exceed 
that of the Brafs about three times, v/z. in a reciprocal Proportion of their 
fpecifick Gravities. Then the Brafs lofing of its Weight in foul Weather two 
Grains, the Diamonds will lofe of their Weight fix Grains. 

--Trrts being the State of the 4quilibrium ; in fair Weather (the Barometer 

_beimg at 31 Inches) the Brafs lofes two Grains, and 2, of a Grain, and the 
~ Diamonds: lofe’ fix Grains, and =6, of a Grain, fo that the gquilibrium’ is 
broken by 54, of a Grain, which cannot be reftor'd without adding +, of a 
Grain on the fide of the Buyer, equal in Value to about one Part in 
28800. | 


6, [13.——By an Horfe-Hair, &c.] Horfe-Hair is made ufe of, becaufe 
it is of the fame {pecifick Gravity as Water. . 


¢ , 


Plate 19. 4. [26———The Manner of doing it in the Notes, &c.] See Plate 19: 
Fig.14. Fig, 14, The thing réquir’d here is to make the Bubble B go down to the’ 
Bottom at 4, and the Bubble A go up to a, by pouring in Water from the 
Veffel C. I order'to do this, thttigs are to be thus prepar’d : Let the Water’ 
ED be made very falt, arid let the Bubble B, when it is fo pois’d with Water 
in it as but juft to fwim in the Water ED, be- hermetically feal’d, fo that it 


may fink as foon as the Medium becomes thinner, by the pouring in of more a 


Water. The'Bubble A made juft fpecifically heavier than the falt Mixture,” 
muft have its Stern left open. The Change of Places will be made by pouring in 
warm Water from C, The Heat that warms the whole Fluid rarefying the Air 
inthe Bubble A, in its Expanfion it will drive out fome of the Water contain’d 
in it, atid thereby becoming fpecifically lighter, rife up to a; whilft B finks 
down to 4, becaufe the whole Medium being made lighter by the Mixture 
of frefh Water, B, which was but juft buoyant before, will be no longer 
fuftain’d, 

N.B. This muft not be kept long in the Condition in which it 7s after the Ex-— 
periment ; because upon the cooling of the Liquor the Air in A will be condens'd 
again, and the Bubble drawing in Water, will fink. 


[30.—-8.4 Rocket rifes by the unequal Prefjure of the expanding Gun- Powder. | 
Asa gteat many People miftake the Caufe of Rife of a Rocket, fappofing 
that the Impulfe of the Flame againft the Air caufes a Re-aétion which pufhes 
up the Rocket; I was willing here to rectify the Miftake, fince the Rocket 
would rife better iv vacuo, the Air having nothing to do in its Rife, but rather 
hindering it by its Refiftance againft its upper Part. For firft, if we fuppofe 
the Air’s Refiftance at the Mouth of the Rocket equal to the Impulfe of the 
Flame, it will be as if the Rocket had no vent ; and therefore in that cafeit | 
niuft either burft or remain immoveable. If the Impulfe be greater, the Air's — 

I : Re-action 


A Course of Experimental Philofophy. 230 
Re-adction againit the Flame coming downwards, cannot impel the Rocket up- Annotat. 
wards, wnlefs the Flame fhould be a folid Body. Laftly, if the Impulfe Lee. TX, 
fhould ‘be lefs than the Force of the Air, ‘no Flame can come ‘out of the w—-<9 
Rocket.—To underftand the true Reafon of the Rife of a Rocket, we mutt Plate 20. 
firt oonfider it as if it had no vent atthe Choak or Mouth A, (Plate '20,* 18 1° 
Fig. 16.) and was fet on fire in the conic Space bcd the Confequence -of 
which wou’d be, either that the Rocket wou’d burftin the weakeft Place, ‘or 
that af all the Parts were equally ftrong, and able to fuftain the Impulfe -of 
the Flame of the ‘Powder, the Rocket would remain immoveable, Now, a3 
the Force of the Explofion or Flame is equal every way, let us fuppofe its 
Action towards A and towards E to be able to lift 40 Pounds ; ‘but as the 
Direttions of thofe Forces are equal and contrary, they ‘will deftroy each 
other's Action: then if you imagine the Rocket open’d at A, the Action of 
the Flame downwards is taken quite away, and there remains a Force equal 
to 40 Pounds acting upwards im the Direftion A cE, which earries up ‘the 
Rocket with its Stick FG. This will appear ‘by obferving that when ‘the 
Compofition of the Rocket is very weak (‘fo as not to give an Impulle greater 
than the Weight of the Rocket and Stick) it -will not rife ; if the Compofi- 
tion be only flow, the Rocket will not rife at-firft, whilft the A@tion of the 
Flame upwards is only againft c, the Vertex of the hollow ‘Cone; but when 
the Compofition is confum’d as far as bi, the Flame ating upwards againft 
agreater Surface, namely againft 57, the Rocket will then rife up. The Ufe 
of the Stick is to keep it perpendicular; for if the Rocket fhould begin to 
tumble, ‘moving round the Point A, (which is the common Center of Gravity | 
ofthe Rocket and Stick) the End 'G of the Stick FG wou'd ‘bear {fo ‘much 
Air, and with fuch Velocity, wpon account of its Diftance from A, that the 
Re-action of ‘the Air by its Refiftance, mutt reftore the Stick, and confe- - 
quently the Rocket, to a perpendicular Pofition; but when the Compofition 
within the Rocket is quite confum’d, and the Impulfe upwards ‘is ceas*d, the - 
common Center of Gravity will be brought down to F, the Velocity of ‘G di- - 
minifh’d, and that of E increas’d’; fo thatthe Rocket will tumble over, and 
fall with the End E downwards, All the while that a Rocket burns, the com- 
mon Center of Gravity ts getting downwards, the fafter and the lower, ‘the - 
lighter the Stick is; fo that fometimes it tumbles over before it be burn?d 
“out ; but when the Stick being ‘heavier, the Weight of the Rocket ‘bears.a lefs 
Proportion to that of the Stick, the common Center of Gravity will not get fo 
dow, and the Rocket will rife ftreight, tho’ not fo faft. 

THe Mean between thefe muft be found by poifing the Rocket and Stick. - 
acrofs your Finger : if you wou’d ule a light Stick, poife fo as to leave the 
Center of Gravity juft at A, the Mouth of the Rocket; and for a heavy 
‘Stick, let not the Centez of Gravity be lower than 5 or 6 Inches off from 
ithe Mouth. 3 
ArrzR having made and explained the Experiment of the roth Figure of 
Plate 19. where little hollow Images of Glaf are made to rife and fall, turn, 
and ‘dance ina Jar of Water, according to the different Preflures * made with * tes No. 
the Hand .on the Bladder, which is tied over the Top of the Glafg: 1 ee pee 
monly 
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Annotat. monly fet the Jar up between two Pillars ina Frame which ftands ‘near me,. 
Le&t. 1X. and {crew it faftt down under the top Crofs-bar, with the two Screws C and 
wy D, as to fecure it from being broken becaufe it is tall and tottering, but really 
with another view. For in about a quarter of an Hour’sTime, after having made 
fome other Experiments; I get up from the Table, and ftanding at a diftance 
from the Jar, | {peak to the Images, which rife and fall at the Word of Com- 
mand in the fame manner as they did when I prefs’d my Hand on the Blad- 
der before; which generally very much furprifes fome of my Audience, 
when they find I have no communication with the Figures: but as this latter 
Part is rather a jugling Trick and a mere Amufement, than a Philofophical 
Experiment, I intended to have omitted the Defcription, and even the Men- 
tion of it; but feveral of my Friends defired that I wou’d publifh the Con- 
frivance ; to fhew how much one may be impos’d upon by Confederacy, and 
beware of fuch Deceits in Matters of Confequence : The Generality of Man- 
kind admiring that moft, which they underftand leaft. I complied the more 
readily with this; becaufe my Bufinefs for thefe 33 Years paft has been to 
clear up Phenomena, and explain the Operations of Nature and Art. 

Tue 1gth Figure of Plate 20, is the Frame above-mention’d, into which | 
the Glafs Jar may be put at pleafure, which Frame is prepar’d beforehand in 
the following manner: On the Board AB (Plate 20. Fig. 19.) there ts a 
little Hollow in the Middle for the Bottom of the Glafs Jar to ftand in ; and 
an Hole g in the Bottom of the top Crofs-Piece EF, but not vifible, to re- 
ceive the Top of the Glafs that is cover’d with Bladder. This Hole g is 
fhewn in Fig. 21. which reprefents the lower Board of the crofs Top-Piece, 
confifting of two Boards ({ee Fig. 20.) BBs, of which the upper one hides 
the above-mention’d Hole, and the reft of the Contrivance, and Machinery, 
which is as follows. Fig. 19. EF is a Leaver that has its Center of Mo- 
tion E in the Screw Part of the Pillar AC, in the Hollow between the two 
Boards of the Top-piece ; (See Fig. 20.) where one may fee at g the preffing 
Piece under the Middle of it (mark’d with the fame Letter g in all the Fi- 
-gures). which is drawn down to prefs like an Hand on the Bladder of the Jar 
by a String S faften’d to the End F of the Leaver, and fartheft from the Cen- 
ter of Motion E. When the String is flacken’d, the End F of the Leaver 
is rais’d up again by a Spring s (fee Fig. 19, & 20.) to eafe or quite take off 

“the Preffure on the Bladder of the Jar trom the preffing Piece, which it does 
well, as that Piece is a Segment of a Sphere of Wood, fhewn beft in Fig. 20. 
The End F of the Leaver moves in a Slit under D in the fcrew’d Part of the 

_ Pillar BD to rife and fall in, but hidden in the Hollow of the crofs Top- 
piece. The String faften’d to the Leaver at that End is continued down the 

- Pillar DB, which is hollow all the way, and fo thro’? an Hole H in the Table 
. TT, whereon the Frame is fet. This String goes round the Pully P under 
the T'able at S, from whence it is convey’d to another Pulley under the farther 

- Side of the Table, where it is managed: by fome of the Audience who fit on 
‘that fide and are in Confederacy with the Perfon that fhews the Experiment, 

- or {peaks to the Images. N.B, All kind of Preflures and Jerks may be per- 
. form’d by this String and the Re-action of the Springs. NV. B. Fig. 21. fhews 
“= the horizontal Section ‘of the Leaver and Pillars, and Jar. 0. 
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an, [33. Dr. Hales bas fince-——propos d another Sea-Gage for vaft Depths, Annotat. 
&c,] I fhall here give it in his own Words, from his Vegetable Staticks. Lect. IX. 


A Description oF AN InsTRUMENT fo meafure the Depths of the Sea. 
By Dr. Stephen Hales. ; 


1. N my firft Volume under Experiment 89. 209, I have propos’d a Me- 
] thod for finding the Depth of the Sea, where the Line can’t be ufed. 
Dr. Defaguliers has put it in practice, and fhew’d the Experiment of it to 
the Royal Society, with a Machine that he has contriv’d, and of which he 
has given a Defcription in the Philofophical Tranfaétions, N° 405. I fhall 
here more particularly defcribe how to prepareand graduate this Sea~Gage. 
* 2. Suppose there be an Iron or Copper Tube, or a Mutket Barrel of any 
length ; as fifty Inches, having its upper End well clofed up: If this 
Tube be let down, in this Pofition, about thirty-three Feet in the Sea, for 
a Column of Sea- Water of that Height is nearly equal to the middle Weight 
of our Atmofphere ; then confequently from a known Property of the Air’s 
Elafticity, it will be compreffed into half the Space it took up before, fo 
that the Water will afcend half the way up the Tube. And if the Tube 
be let down thirty-three Feet deep, the Air will be comprefled into one 
third of its firft Dimenfion, and fo on 2th, 2th, 4th, &c. | 
‘ Tue Air being conftantly compreffible in proportion to the incumbent 
Weight, whence by knowing to what Height the Water has afcended in the 
Tube,we may readily know to what Depth the Tube hasdefcendedin the Sea. 
‘ 3. Now to meafure the Depth of one of thefe Columns of Sea-Wa- 
ter, whofe fpecific Gravity to pump Water is found to be as forty-one to 
forty: firft by a Line let the Iron Tube, with a Weight at its Bottom, 
fink about thirty-three Feet, which Depth in Salt Water will nearly 
anfwer to the Weight of the Air at a mean Height of the Barometer; 
then draw up the Tube, and obferve how far the Water rofe; if thirty- 
three Feet of Water is equal to one Atmofphere, then will the Water rife 
fo high as to fill exactly one half of the Tube : but if the Water rife higher, — 
or lower than half way, then by the Rule of Three fay, As the Number 
to which the Water rifes is to one, fo is thirty-three to the Number of 
Feet, meafuring the Depth of the Column required. For Example, fup- 
pofe the Water rifes (when the Tube is let down thirty-three Feet) only 
nine Tenths of half way; then fay, 9: 10::33: 362 Feet, the Depth of 
each Column, which being once known, the Number of Columns of Water 
is to be multiplied by this Number of Feet, whereby the Depth of the Sea 
in Feet will be known. 
‘ 4. Bur fince when the Inftrument has defcended to the Depth of ninety 
nine Columns, or ninety-nine times thirty three Feet, the Air will be com- 
prefled into the ;-3,th Part of fifty Inches, that is, half an Inch, the Divi- 
fions both for fome Space below, and alfo above that, will be fo very fmall, 
that the Difference of feveral Columns Depth of Water will not be fenfible 5 
fo that an Inflrument of no greater Length than this, would fcarcely give 


an accurate Eftimate of half a Mile’s Depth, that is, 2640 Feet, or eighty 
Vou. II. i © Columns 
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Columns Depth of Water. The lengthening therefore of this Inftrument 
to four, five, or ten times its: Length, would’ obviate this Defect, and make’ 
the Difference of the Degrees of Defcent more fenfible on the Inftrument. 
But fince it is impracticable to make a metalline Tube of fo great a Length, 
and if it were made, it would be fo unwieldy as to be eafily broken ; it is 
ptopofed therefore to obviate thefe Difficulties by the following Method, 
VIZ. : 

« 5, Ler there be a globofe metalline Body made of Copper, whofe Capa- 
city within Side may. be equal to nine times the Capacity of the metalline 
Tube: Let this globofe Body be firmly fcrewed to the metalline Tube with a 
leathern Collar, well foaked: in fome unctuous Matter, thereby to fecure 
that Joint in the moft effectual manner. 

« 6. Tuere mutt bea Hole at the Bottom of the Copper Globe opening 
‘nto a metalline Tube foldered: to that Hole, which Tube muft be three or 
four Inches Length, that it may be immerfed'in.a proper metalline Ciftern, 
full of fome tinged unétuous Matter, as Oil, or the like, which being fpect- 
fically lighter than Sea-Water, will fwim upon it, and confequently will 
daub the Infide of the Iron Tube, as far as the Water was impell’d up it. 
And in order to know that Height,. there muft be fixed a flender Rod of 
Brafs, Iron, or Wood, in the middle of the Iron Tube from end to end,’ 
with a Knob at its upper end, both to keep it at that end in the middle 
of the Tube, and alfo to prevent its being befmeared by the Sides of the’ 
Tube, when it is drawn out to fee, by the Mark of the unétuous Matter on’ 
the Rod, to what Height the Water had been prefled up the Tube. | 

¢ 7, Tue Capacity of the Tube muft be eftimated by pouring Water in 
when the Rod and metalline Diameter are fixed in their Places. 

« 8, Now fince the Copper Globe is fuppofed to contain nine times as much: 
Air as the Tube, which is the fame thing as if the Tube was nine times as 


-long; therefore the Air in the globofe Veffel will not be forced within the 


Capacity of the Tube, till the Veffel has defcended to the Depth of nine 
Columns, or nine times thirty-three Feet: for then the Air will be com- 


‘preffed within one tenth of the Space it at firft took up. 


¢ 9, SuppostNo therefore the Inftrument to have defcended to the Depth of 
ninety-nine Columns of Water, or ninety-nine times thirty-three Feet, viz. 
3267 Feet, then the Air will be compreffed within +3,th Part of five hun- 
dred Inches, (for the Capacity of the whole Veffel was fuppofed equal to a 
Tube of that Length) that is, within five Inches of the Top of the Tubes 
and conféquently the Rod will be found tinged with the coloured Oil within 
five Inches of its Top. 

< yo, Suppose again, the Inftrument to have defcended to the Depth of an 
hundred and ninety-nine Columns of thirty-three Feet each, then the Air 
~will be comprefied within the =icth Part of the whole, that is, nearly 
within two and a half Inches of the Top of the Tube. In this cafe the In- 
ftrument will have defcended 6567 Feet, that is, a Mile andva Quarter and 
an hundred and thirty two Feet. | 


11, 
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* 11. Suppose again the Machine to have defcended to the Depth of three Annotat. 
* hundred and ninety-nine Columns, then the Air will be compreffed within Leet. 1X. 
sooth Part of the whole, that is, nearly within one Inch anda Quarter of Lys: 
the Top of the Tube: In this cafe the Machine will have defcended two 
Miles and a half,wanting fifty-three Feet ; which may probably be the preateft 
Depth of the Sea. 
‘ 12. Bur if there were occafion to explore greater Depths than this, it 
might, we fee, be done with tolerable Accuracy, by enlarging the Capa- 
city of the globofe Veffel, which might be done without making it very 
cumberous. To fuppofe the Diameter of the Tube were about ths of an 
Inch, viz. common Mufket-Barrel Bore, and that it were fifty Inches long, 
if the globofe Veffel were nineteen times as big, it would not in that cafe ex. 
ceed the Bulk of three Gallons, But the bigger the globofe Veffel, the 
greater care muft be taken to fecure well the Screw where it is joined to the 
Tube, that no Air pafs that way. 
* 13. Tue bigger the globofe Body is, the more weighty it ought to be, 
thereby the more effectually to keep it in a low depending Pofture ; elfe the 
Buoyancy of its contained’Air might raife it as high or higher than the 
upper Part of the Machine, whereby Water rufhing in to the top of the 
Tube, no Obfervation could be made, the Rod being thereby moiftened 
from end to end. When one Experiment has been made, the Rod and 
Tube muft be wiped very clean before another be repeated. 
“ 14. TH1s Sea-Gage being thus prepared, a large Buoy mutt be fixed to 
it, which ought to be a large Piece of folid Fir, or any other light folid 
Wood, well covered with Tar, to prevent any Water’s being prefled into the 
Sap-Veflels: For I have found by experience, that Wood which was confi- 
derably lighter than Water, has, by being greatly compreffed in Water, 
become immediately fpecifically heavier than Water; for the conftituent 
Parts of all Vegetables are fpecifically heavier than Water. If the Buoy be 
made of a Bladder or hollow Globe, with its Orifice inverted downwards, 
the Air in them will be compreffed to fuch a degree, at great Depths, as 
thereby to make the buoyant Body become fpecifically heavier than the 
Sea-Water, which would prevent its re-afcending to the Surface of the Sea ; 
for which Reafon alfo the Buoy ought to be able to buoy up the Inftrument 
when full of Water. Befides, if the Buoy, when it rifes again, do not ap- 
pear fome confiderable Height above the Water, it will not eafily be dif- 
covered : for it is probable, that from great Depths it may rife at a confi- 
derable diftance from the Ship, though in a Calm. To make the Buoy 
therefore more vifible at a diftance, it will be proper to fix acrofs each other, 
at the top of the Buoy, broad F’ans of Tin, painted either black or white, 
as fhall be moft convenient. Sia, pe | 
* 15. For greater Accuracy, it will be needful firft to try this Sea-Gage, 
* at feveral different Depths, down to the greateft Depth that a Line can 
“ reach, thereby to difcover, whether or how much the Spring of thé Air is 
* difturbed or condenfed, not only by the great Preflure of the incumbent 
Ti 2 © Water, 
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Water, but alfo by its Degrees of Warmth or Coldnefs at great Depths, 
and in what proportion at different known Depths, and in different Lengths 
of Time, that an allowance may accordingly be made for it at unfathomable 
Depths. 

s ae Anp becaufe it is probable that the Temper of the Air, when the 
Experiment is made, will be either warmer or colder than that of the Sea 
at a confiderable Depth ; it will therefore be advifable to let down the In- 
ftrument with a Line to a good Depth, there to continue for fome time, 
till the Air in it may be fuppofed to come to the fame Temper with the 
Sea-water : Then the Machine is to be pulled up fo far above Water, as to 
let the Air freely pafs either 1m or out of the Globe and Tube, according as 
the included Air fhall either have dilated or contracted. Then inftantly let 
the Machine loofe, to drop down to the Bottom of the Sea,which it will do by. 
means of a finking Weight of Ballaft, which muft be fixed in the following 
manner, v2. 

‘a7, Tue finking Weight of Ballaft muft be fo fixed to the Machine, by 
means of a Catch-Hook, that as foon as the Weight touches the Ground at 
the Bottom of the Sea, the Catch may then, by means of a Spring, let go 
its hold ; whereby the Buoy will be at liberty to carry the Machine up to 
the Surface of the Water. , 
¢ 18, THe Weight of the finking Ballaft ought to be fo proportioned, as 
to be juft fafficient to fink the Machine at firft ; for as the Machine defcends, 
it grows continually fpecifically heavier, by reafon of the Condefcenfion of 
the Air in its Cavity, on which account its Motion will be accelerated, as _ 
well as on account of the inceflant Action of the Power of Gravity upon it; 
fo that if this gravitating Power far exceeded the contrary Renitency of the 
Buoy, it would ftrike the bottom of the Sea with fuch a force, as might 
endanger the breaking of the Machine. 2 : 

‘ 19. Ir would therefore be advifeable firft to let down the Buoy with 
fomething of equal Weight with the Machine, and an Iron Red intervening 
between the Machine and the Buoy, thereby to guefs by the bending or 
not bending of the Rod, with what Degree of Force it might ftrike the 
Bottom of the Sea, And if the Force fhould be found to be great, I be- 
lieve it might be advifable to fix a Pole between the Machine and the Ballaft, 
of fuch a Degree of Strength, that it would break before it could give Re- 
fiftance enough to hurt the Machine: This would greatly break its Force 
againft the Ground. Some of the Sand or Earth at the bottom of the Sea 
fhould be brought up as in common Soundings, with Tallow at the bottom 
of the Plummet. 

© 20. Ir would be advifeable alfo to keep an exact Account of the Time 
of the Machine’s Stay under Water, which may be done bya Watch that 
beats Seconds, or by a Pendulum vibrating Seconds, which muft be three 
Feet, three Inches, and one Fifth of an Inch long, between the middle of 
the Bob, and the upper End of the Line. 


© 21, 
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¢ 21. Dr. Hook, in the Philof. Tranf. Lowsbory’s Abridgment, Yol.2. P. Annotat. 
258. found upon trial, that a leaden Ball which weighed two Pounds, being Lec. 1X. 
fixed toa wooden Ball of the fame Weight, and both let down in 14 Fathom Uw 
Water, they reached the Bottom in 17 Seconds, ‘and the detached wooden 
Ball afcended to the Surface of the Water in 17 Seconds more; fo that if the 
Machine above defcribed defcended, and afcended to greater Depths with 
the fame Velocity, it would reach to the Depth of a Mile in 17 Minutes, : 
and re-afcend in the like time. But fince the buoyant Body may return 
fafter to the Surface of the Water than it defcended, therefore Eftimates 
from the time of the Bodies keeping under Water will be very uncertain : 
Yet when frequently compared with the Eftimate which is made, from the 
- Height of the Water in the Gage-Tube; a Rule may perhaps be formed 
from thence, efpecially if the whole Machine be always the fame, and the 
finking Ballaft be always of the fame Weight and Size: as fuppofe the Ballaft 
were put into globular earthen Veffels, made all of the fame Diameter. 

* 22, Tuat the Sea is not many Miles deep is probable from hence, that 
all the great Oceans are here and there interfperfed with Iflands; an Argu- 
ment. that, though. as far as the Sounding-Line has reached, the Sea is 
found to be deeper and deeper, the farther from the Shoar, (tho with fome 
Unevennefs) which would come to a great Depth indeed, if it continued on 
fo, from one Boundary of the vaft Ocean to the other ; but the interfperfed 
Iflands prove that it is not fo; | 
‘23, Ir we fuppofe the Sea.to deepen from the Shoars in nearly the fame 
Proportion that Land rifes from the Shoars, then from the following Efti- 
mate’the greateft Depth of the Sea will not exceed five or fix Miles. For’ 
fince flow Rivers are found to havea Fall of about a Foot in a Mile, if we 
fuppofe the River Niger in Africa (which is one of the longeft Rivers in 
the World, and runs about 2400 Miles in Length) to fall at the rate of four 
Feet each Mile; then its whole Fall, from its Rife to its difcharging itfelf 
into*the Sea, will be 1.81 Miles. If it falls at the rate of fix Feet a Mile, 
then its whole Fall will be 2.72 Miles. If eight Feet each Mile, its Fall 
will be 3.72 Miles. But if the Fall be fet at ten Feet each Mile, then the 
Fall of the River will be 4.54.Miles; which isa large Allowance, and may 
therefore well include the Height of the Tops of the Mountains, from whofe 
Sides thofe Springs break forth: The higheft Mountains being eftimated to » 
be fearce ,4,th of the Earth’s Semi-diameter. If we fuppofe that the whole 
Quantity of Earth, which. is above the Level of the Surface of the Seas, . 
were equal to the whole Bulk of the Waters in the Bafis of the Seas, then 
fince the Sum of the Expanfe of all the Seas is confiderably more than the 
Sum of the Surface of all ai Earth on this Globe, the general Depth of the 
Sea muft therefore be confiderably lefs than the general Height of the Earth 
above the Surface of the Sea. ~ 
‘24. To this Method of taking the Depth of the Sea it may reafonably be 
objected, that tho’ it has been found by Experience, that in lefler Degrees 
* the Air is compreffible, in proportion to the incumbent Weights, yet itis eo 
ce 
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Annotat. ‘ be feared, chat in greater Degrees of Compreffure this proportional Comprefii< 
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bility would not hold true, by reafon of the many watery, and other heteroge- 
neous Mixtures in the Air, which would higder its equable Compreffibility. 
Yet, fince the irregular Degrees of its Compreffibility ate not yet certainly 
known, it might be wellto try the Inftrument firft to the greateft Depth a’ 
Line can be let down, which I find has been to 400 Fathom, in which cafe 
the Air would be compreffed with more than 72 Columns of Water, each 
equal to the Weight of the Atmofphere, fo that the Air would be com- 
prefled into ,2.d Part of its natural Bulk, in which cafe the Denfity of that 
Air would be to Water, as 1 to 11.64. When the Airis comprefled with 
the Weight of 99 Columns of Water, at the Depth of 3267 Fect, or half a 


Mile and 627 Feet, then its Denfity will be 4th of Water: at 199 Co- 
lumns Depth, ora Mile and a quarter and 132 Feet, its Denfity will be 


2th of Water; and at 399 Columns Depth, or two Miles and an half want- 
ing 53 Feet, its Denfity will be of Water. : 
© 25. I nave compreffed Air with a Weight equal to 37.44 Atmofpheres 
in the following Manner, viz. I took a Glafs Tube, which was clofed at 
one End, the Length of its Cavity 4.06 Inches, its Diameter 0.16,. being 
firft conterpoifed in a Scale, and then filled with Water, the Weight of the 
Water it contain’d was one Dramand fix Grains. The open End of this 
Tube I immers’d in a fmall Viol, at the Bottom of which was fome Mer- 
cury, with a little Spirit of Turpentine, which was tinged with Indigo 
The Viol and Tube were let down into a large Bomb full of Water, which 
was placed under a Cyder-Prefs ; then there was put into the Orifice of the 
Bomb a well-turned Plug of Holly-wood, which was impelled fo forcibly 
into the Bomb by the Screw of the Prefs, that Water ouzed thro’ the Pores 
of the Plug, notwithftanding it had been dipt in melted Cement made of 
Bees-Wax and Turpentine. When I took the mercurial Gage out of the 
Bomb, I found the tinged Turpentine had rifen fo high, as to have com- 
prefled the included Air within the Space of 0.12 Inch of the Top of the 
Tube; that is, the 38.44th Part of its Capacity ; fo that the included Air 
was comprefled with 37.44 Atmofpheres, equal to the Preflure of 1235.5" 
Feet, or 205.9 Fathom deep in theSea: fo that the Denfity of this Air was — 
to that of Water, as 1 to 22,7. . 

‘ 26. Air, when thus greatly compreffed, has not been obferved, either to. 
enter the Mercury in the Gage, nor to pafs thro’ the Pores of the Glafs ; nor 
has it been found to be fixed by any known Degrees of Compreflure, or 

Cold. | 
‘© Wuat Effect fuch an extreme Preffure as twoor three Miles Depth of 
Sea- Water would have on it, we can know only by Experience ; which 

might probably be tried in the manner here propofed without much diffi- 

culty. ; 

‘ 27. Tue greateft Degree of Compreffure that I have been able to give 

Air was in the following manner, viz. Having in frofty Weather placed the 


above-mentioned Bomb, with the Mercurial Gage in it, under the Cy- 


‘ der 
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* der Prefs, in the fame manner as before defcribed, I then covered the Annctat. 
* Bomb with a large Quantity of pounded’ Ice, which had half its Quantity Leé. IX. 
of common Salt mixed with it: In‘ a little time this great Degree of Cold —~—J 
burft the Bomb into three Pieces from Top to Bottom ; thefe Pieces opened 
wide, by falling afunder, but their lower Parts touched each other 3 an evi- 
dent Proof that the Water, tho” comprefs’d to fo great a Degree as to burft 
the Bomb, yet had’ very little Elafticity in it. 

«28. THe Bomb was lined all over within-fide with a Shell of Ice, which 
was about 3 ofan Inch thick ; it was full of Air-Bubbles. 

‘ 29. Asto thé Viol and Mercurial Gage, they were broken into many 
Pieces, and all the Pieces of the Tube or Gage weré daubed within-fide with 
Turpentine, and Par icles of Mercury, to the very top of the Tube, which» 
was frozen at each End into the Shell of Ice-——————Ass the Water in> 
the middle -of the Bomb was not frozen, this E.xperiment might eafily be 
repeated, without danger of breaking the Gage, or Viol, viz. by fixing: 
them to a fmall Stick of equal Length with the Diameter of the Bomb, 
by which' means they would be fuftained‘ within the Limits of the unfrozen’ 
Water. 

© 30. Wer may from this Experiment make fome Eftimate of the Force 
Which was requifite to burft the Bomb, and confequently of the Degree of 
Comprefftrre which the Air in the Gage fuftained, viz. the Diameter of the: 
Bomb within-fide’ was'6 +. 4 Inches, the Thicknefs of its Subftance at’ its 
Orifice 1.2 Inch; its Thicknefs at’ the Bottom was' 1.9 Inch: Now fup- 
pofing’ the Subftance of the Bomb to be all over of the fame Thick- 
nefs with its thinneft Part, wiz. 1.2 Inch; then the Area of the Ringlet 
“which cuts that’ Subftance tranfverfely in its biggeft’ Circle will be equal’ 
to 29.72 fquare Inches: That I may therefore make fome Etfti-. 
mate of the degree of Coherence, of the Subdftance of the Bomb in this 
Ringlet, I fhall found my Calculation on Mr. Mu/chenbroek’s 77th Experi- - 
ment, in his Introdu@fio ad Coberentiam Corporum, P. 505. where he found 
‘that Iron Wire, whofe Diameter was +. of a Rynland Inch, was pulled 
afunder with four Hundred and Fifty Pounds Weight. The Wire being 
‘made of hammered-Iron,; was probably tougher than the Bomb, which is 
made of caft Iron; I have therefore made a large Allowance for this, in. 
* leaving a great Part of the Thicknefs of the Bomb out of this Eftimate. 


a ~ A a“ a 


a 


A A HA BAH FA 


ee SO ET ae Oe Oa RLS 


Mr, de Buffon, who tranflated the Vegetable Staticks into French, having 
_ found a Miftake in the Calculation concerning the Bomb, gave another Calcula- 
tion, which Firanflated for this Place; but finding a Miftake alfo in bis Cal. 
culation, I bave fet it right now, I had not mention’d this, but that I was un- 
willing to pafs for an unfaithful Copier, or Tranflator. 


Taking the Diameter of a Circle to the Circumference, as to 22. 
THE inner Diameter of the Bomb was 6and 2 Inches, its Thicknefs one 


Inch and 57, : The Area therefore of the tranfverfe Setion of that: ee 
wil 
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Annotat. will be 72.2%%°; that is, very near 13 } fquare Inches: which is found by 
Leét. IX. taking the Superficies +$5° of the inner Circle, whofe Diameter is 6 4 Inches, 
wey—awt from the Superficies +3344 of the outward Circle, whofe Diameter is 7 .25 

Inches. a 

Tue Rynland Foot is tothe London Foot, as 139 to 1353; the Diameter of 
the Iron Wire was ;!, Inch Ryni/b ; that is, 73%, Inch Engli/h ; therefore the 
Area of its tranfverfe Section will be ~227324., very near ,4+, Inch fquare. 
I fay therefore, fince 450 Pounds of Amfterdam were required to break Iron of 
4 Thicknefs equal to =%4+ Inch, how many of the fame Pounds will be re- 
quired to break a Thicknefs equal to13 ; Inches? And by the Rule of 
Three I find there muft be 732501 Amfterdam Pounds to break the Bomb; 
that is, 681225 42,3, Englifh Pounds, the Am/terdam Pound being to that of Lon- 
don, as 93 to 100, Now the Area of the inner Circle of the Bomb is 33 44 {quare 
Inches, and the Weight of a Column of the Atmofphere upon a {quare Inch is 
15 Poundsfive Ounces, or thereabouts: Therefore the Weight of the Atmofphere 
upon the total Area of the Circle, is of 508 Pounds and fix Ounces, very near ; 
I therefore divide 681225 by 508, and I have 1340434, about 1340; that 
is, the Air contained in the Tube was compreffed by a Force equal to the 
Weight of 1340 Atmofpheres, confequently it was reduced to a Space 1340 
times lefs than it had in its natural State. This is true only by fuppofing, 
the Iron of the Bomb as ftrong as that of the Wire: but as beaten Jron, of. 
which it was made, is ftronger than caft Iron, of which the Bomb was made ; 
you muft proportionably diminifh the Number 1340... This Diminution is 
neceflary, and cannot be compenfated with the greateft Thicknefs of the 
Bomb: For if ina Veffel there is one place thinner than the reft ; this is 
enough to make us fuppofe it every where of that Thicknefs, when we con- 
fider the Refiftance made toa Fluid, which preffes equally every way. 
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A further Confideration of the Nature of the Air, in re- 
Jpet to Jeveral of its Properties, which we have not yet 
taken notice of ; together with the Ob/ervations and Ex- 
periments to foew thofe Properties ; and a Defcription of 

_fuch Machines and Infiruments as ferve to apply them ¢o 


Ue. 


NN. B: Tuts is.call’d by fome, The Dogtrine of Pueumaticks ; but we continue it 
under the Head of Aydroftaticks, becaufe Air is a Fluid, whofe Preffure 
and Refiftance aéts like Water and other Fluids, tho’ Water is not com- 
preffible like Air, nor elaftick, unlefs when Heat is applied toit. But yet 

‘we fhall particularly confider all that Air has belonging to it different from 

~~ other Fluids. HST 


the Nature of Winds, and knew a great deal of their Force, were —“v-=- 

“© yet entirely ignorant of the Weight and perpendicular Preffure of 
the Air. This is evident, becaufe they attributed the Caufe of Water 
rifing up in Pumps, or any Liquor being drawn up into Syringes (com- 
monly call’d $'phons upon that account, while Pumps were call’d Suck- 
ing-Pumps) to Nature’s Adbhorrence of a Vacuum, faying, that it fill'd 
up with Water the Pipes of Pumps under the moving Bucket or Pifton, 
rather than fuffer any empty Space. 

Tue Syringe was in ufe, and this Notion concerning its Suction ob- 
tain’d long before Crefibius (the Son of a Barber at Alexandria) invented 
the Pump: and tho’ he made the Forcing-Pump, where the Air vifibly 
drives the Water, as well as the Sucking-Pump, -he only thought, that 
the Air put into a vifible Motion might drive the Water; but had no no- 
tion of its Action, or perpendicular Preffure, when it was flagnant, and 

Vou, II. | | Kk ~  feem’d 


is [: is pretty ftrange that the Ancients, who were no Strangers to Lect. X. 
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feem’d to. ftand wholly ftill: he acquiefced in the general Opinion of the: 
FugaVacui. Nay, Galileo himfelt, who was the firft that found out 
that Water did not rife in Pumps above33 or 34-Foot higher than the 
Water in the Well from whence it was drawn, (tho’ the Pipe of the 
Pump was 40 Foot long, and the Bucket or Pifton work’d at that Height 
above the Water) only concluded from that Obfervation, that Nature 
abborr’d a Vacuum but to a certain degree. But his Scholar Foricelli,who- 
fucceeded him as Mathematician to the Duke of Florence, gueis’d that the 
Air prefs’, and confirm’d it by an Experiment which mrade him famous,. 
and has ever fince been called by his Name. He was led to it by fome 
fuch Confiderations as the following. . ° | 3 
Plate 20, Pigg. yO AD. oN 

2. TAKING notice of two Pumps PP and PP of veiy different Bore: 
and’ different Heights,°as the Pump of Fig.017. of only one. Inch 
Bore, and about 40 Foot ‘high above the Water at the Place mm m where 
the Pifton work’d, and the Pump of Fig. 18, and 20 Foot high at 77. 
where the Bucket work’d, moving from zn to mm, he reafon’d thus > 
If Nature abhors a Vacuum, fince the Space under the Bucket in the 
Pump of Fig. 18. is 72 times greater than the Space under the Bucket 
in the Pump of Fig..17. Nature will more eafily fill up the little Vacuum. 
and.path up the Water to the Bucket of the Pump of Fig. 17. than that 
of Fig. 18. But finding the contrary to happen, the Water foon rifing,, 
up to mm in the great Pump, and no higher than 7a in the {mall high 
Pump tho’ its Pifton B was work’d ever fo long; judg’d that the Water 
might be puth’d up by; the Preffure of the Air, which acted within a 
limited Height proportional to its Weight ; and that there might exift’ a 
Place void of Air, fuch as that in the Tube of Fig, 17. between mm and. 
an. To confirm this, when Water was pour’d into the Tube of Pig. 


17. up to the Height 2 of 34 Feet above the Water in the Well, (in. 


which Tube it was kept up: by the lower Valve) and the Pifton was. 
thruft:down to 2m fo as to-touch the Water, then raifed up to mm, no 
Water follow’d, but the Space between and mm was void both of 
Air and Water. ‘Then confidering that Mercury weighing between 13 
and 14-times more than Water, a Column of that Fluid‘near 14 times. 
fhorter than a Column of Water of the fame Diameter would: weigh as 
much and be much more manageable, (an Height of 30 Inches of Mer-. 
cury anfwering to. 332. Feet of Water) he got a Glafs Tube of about 40 
Inches high and a Quarter of an Inch Bore, hermetically, or clofe, feal’d: 
at one end and open at the other ; and having fill’d it full of Mercury, 
ftop’d the open End with his Finger. till he inverted it into a Veffel of 
ftagnant- 
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ftagnant Mercury, when withdrawing his Finger under the Surface of Le&. X. 
_ the Mercury in the Veffel from the Bottom of the Tube, he permitted —“v— 

the Mercury in the Tube to communicate with the {tagnant Mercury in | 

the Veflel, without fuffering any Air to go up into the Tube, (which in 
that cafe would be vifible enough) and perceiv’d the Mercury to quit the 
Top of the Tube, and immediately to come down and reft at the Height 
of 30 Inches, leaving the Top of the Tube quite void of Air. N.B. To 
Sew there was abfolutely no Air in that Space, upon inclining the Tube 
the Mercury would rife up and ftrike againft the Top of the Tube, and quite 
Jil up the Space, which it always left empty upon fetting the Tube up- 
right again, : 

3. Loricelli made this Experiment in the Year 1643, and fent an Ac- 
count of it to France, to Father Mer/znnus, who made it publick, Mon- 
fieur Pafcal made many fine Experiments with this Zoricellian Tube 
upon a Mountain 400 Fathom high at Clermont in Auvergne, efpecially 
thofe three remarkable ones. The firft in a Garden at Clermont, where 
the Mercury ftood at 26 Inches 3 Lines * (French Meafure) ; the fecond 
about the third Part of the Way up the Mountain, where it ftood at 2 5 
Inches, having fallen 152 Lines in that Height ; and the 3d at the Top of 
the Mountain where the Mercury ftood at 23 Inches and 2' Lines, be- 
ing fallen in the whole 3 Inches and 12 Line, It was not till the Year 
1645, or 1646, that the Toricellian Tube became a Barometer or Ba= 
rofcope, that is, till Jorzcel obferv'd that the Tube being left ftanding 
in the ftagnant.Mercury in the Bafon, would be fometimes higher and 
fometimes lower in the Tube ; and therefore that not only the Preffure 
of the Air kept up the Mercury in the Tube, but that the Preffure of 
the Air was fometimes greater and fometimes lef: and therefore that this 
Inftrument wou’d be a certain Meafure of the different Preffure of the 
Air, for which reafon he call’d it a Barometer or Barofcope. We begun 
then alfo to obferve, that in fair Weather, or a little before it, the Mer- 
cury would rife in the Tube; whereas it wou’d fall in ftormy or rainy 
Weather, or alittle before. Hence it is that we call this Inftrument a 
Weather-Glafs. There are feveral Sorts of Weather-Glafles ; but before I 
come to. defcribe them, and fhew which I think the beft, I thall recapitulate 
in refpect of the Air, either {peaking of fome Properties of it that I have 
omitted, proving {ome that I have only hinted at, and illuftrating by 
further Experiments others that I have already prov’d, 3 

4. Tuo’ the Air is invitible, That it is a Body, is plainly feen from. the 
Refiftance that it makes to Bodies moving in it: and That it is a fluid 
Body, appears from its yielding to any Force imprefs’d, 
| SSNne Kk 2 By 


BafiAs we have {aid before, a Line is the 12th Part of an Inch. 
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Let. X By the Experiment of weighing a certain Quantity of Air in a Cop= 
re hes per Ball *, it appeats that the Air is heavy, and as all heavy Bodies tend: 


to the Center of the Earth, the whole Air muft tend that way, and prefs: 


upon Bodies under it. 


Plate 21. 
Fig. 1. 
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Plate.21.. 
Fig. 2. 


, ExperiMent 1. Plate a1. Fig. t. 

SEVERAL. ways of making the Toricellian Expermnent fhew it. See 
Plate 21. Fig. 1. The 3 Tubes FG, CM, and wa, open at Bottom 
and hermetically feal’d at Top ftand in the ftagnant Mercury in the Dith. 
GE, while the Mercury in the faid Tubes ftands at A, C, and a,. at the 
fame Height in the horizontal Line A 4; therefore fince Fluids prefs ac- 
cording to their perpendicular Height +, the Parts of the Surface of the — 
Mercury GE at Gm anda, are equally prefs’d by the Mercury in: the | 
Fubes, I fay, all the reft of the Surface muft be prefs’d proportionably 
by the Air, each Part of that Surface which is as big as the Section of 
any of the Tubes being prefs'd by a Column of Air of the fame Diameter 
reaching up the whole Height of the Atmofphete, and weighing as much: 
as any of the Columns of Mercury, which we have fuppos’d of the: 
fame Diameter. And this muft be, otherwife the Surface of Fluids: 
would not de prefs'd in all its Parts altke, as we have demonftrated |]. 

"To thew. that if the Column of Mercury FG had not prefs’d upom 
the Surface G EB at G, the Air would have prefs'd there; break off the 
Top of the Tube at F (where it is drawn {mall) and immediately: alk. 
the Mercury will fall down, the Air coming to prefs inftead of it; there 
being no need: for the Column of Mereury GA to prefs upon G, when. 
the Air ca come:at it to pref it as much as the other Parts of the. Sur=: 
face of the ftagnant Mercury are prefs'd. | . 


stig ExperRrMEenT 2. Plate 21. Fig. 2. | aie 
“x, Taxe fach a Vefiel as D, cylindrick all the way except at the Top; 

which is drawn out into a fmall Point, and having fill'd it with Water 
by laying it down in a large Veflel as W, hold it upright and raife it up~ 
till ne Mouth be but a little under Water, and it will continue full 5. 
which thews that the Preffure of the Air on the flagnant Water W. keeps 

up the Water in the tall Veilel CD: Toconfirm this, break. off the. 
Point at D, and. the whole Water will fall down as. foon as: the Air cam. 
prefs downwards in. its ftead to balance the Preflure of the Air on the.other. 
Parts of the Surface W, which the Water did before. 

"Faro the Column of Mercury or of Water that prefies-upon Part of 
the Surface of the ft:gnant: Liquor in. the Veilel below. be not equalin 
Weight toa Column of the Atmofphere of the fame Bafe, yet the ct 
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fare is the fame ; becaufe what is wanting in the Preflure of other Fluids LecoX. 
is made out by the Preffure of Air at the top of the Tubes or upright Gt. 
Veffels which contain them, Thus when the End A of the Yoreelhan tig. ah: 
Tube in’ Fre. 1. is brought down to f below the Level of Ad, it is 
plain that the inclin’d Column of Mercury that. it) contains being of 4 
lefs petperidicular Height than AG, does not prefs fo much at 7 as the Coz 
lumn @#5 buat then the Air that prefles on the Top of the Tube at ¢ 
makes up that Deficiency. Thus alfo the Preflure of the Air on: the 
Top of the Veflel DC (Fig. 2.) made up for the want of an Height of 
34 Foot of Water at W: as it appear’d when the Air ruth’d in upon 
breaking open D. But this will be better illuftrated by the following: 


EXPERIMENT 3. Plate ar. Fig. 3. clog) 

6. Havine cemented the Tube DE open at E and hermetically Plate 21. 
feal’d at D into the Piece of Wood D, in order to hang it up to one of hs 3: 
the Scales of the Balance AB, put a Weight in the oppofite Scale to keep 
it in equilibrio; and that Weight will be only equal to thé Tube’ DE}. 
becaufé as muchas a Column of Air preffes it down at Top, juft as riuch : 
does an oppofite Column of Air pufh it upon the Infide. But if you fill” 
the Tube with Mercury, and invert its open End in a Dith of Mercury : 
V (fo as to make the Forzcellran Experiment of it) it will réquire’ as 
much more Weight in the oppofite Scale to make an Afquilibriuni, ab - 
the Weicht of all the Mercury in the Tube. Now it is plain that in this 
laft Experiment you don’t weigh the Mercury, becaufe it don’t cohere to 
the Sides of the Tube fufficiently for that ; but you’ weigh the Column - 
ef Air that preffes at top of the Tube at D, which Colunin’ you did not 
weigh in the firft Experiment, becaufe it was counterbalanc’d by another 
Colutnn of Air puffing’ upwards into the’ Tube, but which is now em-'- 
ploy’d in’ fuftaining the Mercury m the Tube; or rather excluded by 
the Colunin of Meteury whieh necéffarily’ prefies the middle of the ftag- 
nant Mercury at V. | ) 

Taat the Mercury‘in the Barometer or Soricellian'Tube catinot be 
kept up without the Preffure of the Air, arid is kept up juft in propor 
tion to‘ that, has been fhewn fome Years fince by a very’ pretty Experi~ 
ment contriv’d by the ingenious Mr. Auzout in the following manner, 


ExPERIMENT 4... Plate 21. Fiz. 4, @ py. : 

7, a AB is a kind of Cupping-Glafs with a Brafs Head. and Female plate 21. 
Screw in its Neck, to receive upon occafion the Male Screw of the Brafs!'8: 4 5 
Ferril fix’d on near the open End of a Barometer Tube ¢BC. ‘The 
large End or Mouth of the Cupping-Glafs has a Brafs Cover or Plate 

cemented 
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Fig, 4.: 


‘#17, N° 10. 
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cemented to it with a Female Screw thro’ it about the mid-way between 
the Edge and Center of the Plate, in order to receive a Brafs Male Screw 


cemented near the End of another Tube Dd, of a {mall Bore and-about 


33 Inches long... This muft be fo contriv’d, that when the Ends.of thefe 
two, Tubes are fix’d to the Cupping-Glafs, by means of their {mall Screws, 
their Ends that go in to the Cupping-Glafs {hall pais’ beyond each other 
without touching; for which purpofe the Cupping-Glafs muft not be lefs 
than of 2 Inches in its inward Diameter, and as much in Height, Hay- 


‘ing filled the Tube ¢BC quite full of Mercury, fcrew on the Cupping- 
Glafs to it, asin Fig. 4. Then thro’ the Hole a fill the Cupping-Glaf 


alfo with Mercury: {crew in the Tube Dd, and fill that ‘Tube likewife 
with Mercury. Then fetting your Finger again{ft D, invert the whole 
Machine into the, Dith of flagnant Mercury DM (Fig. 5.) and taking 
away your Finger from D, all the Mercury will defcend out of the Tube 
cBN, and out of the Cupping-Glais as low as the Top of the Tube dD, 
but not fo low.as the Hole c of the Tube cBN ; and likewife down to 
the Line, mm in the Tube dD, being the Barometrical Height, viz..29 
or 30 Inches. . Now if with a Key applied at. B, you. unfcrew. gently a 
little way the Tube cBC, the Air will infinuate between the Threads 
of the Screw into the Vacuum in the upper Part of the Cupping-Glafs 
and. pufh the Mercury Adc up to 2, the Barometrical Height in the 
Tube ¢BN, whilft the Mercury falls quite down from mm inthe Tube 
aD to the reft.of the ftagnant Mercury at DM. Here the Preffure.of 
the Air on.the Surface. DM. {uftained the Column of Mercury, Dm m, 
when no Air cou’d come in at top and there was a Vacuum at cd. And 
whilft: that Vacuum continued, no Mercury remain’d in the Tube cBC, ~ 
till by opening the Screw at B the external Air.came in and prefs’d. up 
the Mercury to mm, that the Surface cd might, be, equally prefs’d.in all 
its Parts, viz. by the Column of Mercury at c, and by the Air every 
where elfe: and that the Surface DM in the Dith below fhou’d likewife 
be prefs’d alike in all its Parts, the Part at D (being now, doubly pretsd, 
that is by the Column of Mercury and the Air that was come in above 
it) yielded to the Column of Mercury mm D, that came down thro’ it, and: 
became prefs’d by the Air that came down inftead of the Mercury, and 
preis’d as much. : | b'vinnges fr 
8. Since Air is a Fluid, it muft prefs upwards as well as downwards, 
and fidewife, and in all manner of Direétions, and that according to its 
Height.*, or the Force that drives it ; but as we have confider’d. this al- 
ready concerning other Fluids, we will here only fhew_ that the lateral 
Preflure is equal to the perpendicular, and the reft will eafily be granted. 


~ Ex Pps 
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Erari v4 . of Lect: X. 
EXPERIMENT §. Plate 21. Fig: 6. a 
Take a tall Glafs Phial of about 9 or 10 Inches high, and having plate 21. 
_ drill’d about 3 Inches from its Bottom at B, {top the Side-Hole and fill Fig ©. 
the Bottle thro’ the Neck: the Bottle being fill’d, thruft into it a Glafs 
Tube EP, a Foot long, and open at each end, fo that its End may come 
down lower than the Hole B. You mutt ftop clofe the Neck at P with 
Wax or Pitch, which you have beforehand ftuck to the Tube round 
about, fo that no Air may come into the Phial between the Neck and 
the Tube. Then the Tube being fill’d with Water as well ‘as the Phial, 
when you open the Hole B the Water runs in part out of -the Tube, 
but it {tops at A at the Height of the Hole B, and the’whole’ Phial re- 
mains full. Now if the perpendicular Preflure’ of the Air was greater 
- than the lateral, all the Water wou’d have been puth’d out of the Tube 
EF, and wou'd not fail to run out ; but as this does not happen here, 
it is plain, that the Air preffés laterally with fo much Force againft the 
Hole B, that the Water cannot run ‘out of the Phial, there being only 
the Water EA which runs out of the Tube, whilft FA remains fall up 
to the Height of the Hole: max | | aes, 
~ g.-Tue-Preflure of the Air is alfo fhewn by many Experiments on - 
the Air-Pump; but I fhall not mention them till I’come to fpeak moré » 
particularly of that Machine. We fhall only confider now how great is 
the Quantity of Preffure oma Man’s Body. ) 
~ 10. Since Fluids pref§ in all manner of Dire¢tions, the Preffure of the 
Air on a Man’s Skin taken off and laid ‘horizontally wou’d be juft the 
fame as it is upon the Skin now that it infolds the Body and Limbs : 
therefore only knowing how many {quare Inches any Man’s Skin contains, 
we may by allowing the Weight of a {quare Column of Mercury, whofe 
Height is fuch as it ftands in the Barometer, for the Preffure upon each 
Inch, eafily eftimate the whole. For example, if we’ allow 1 5 {quare 
Feet for the Skin of a middle-fiz’d Man, then it will contain (15x 144, - 
==) 2160 Inches. Now the Weight of a Cubic Inch’ of Mercury is 
8,10, Sc. Ounces-Avoirdupoids, and the Barometer in England ftands » 
at 30 Inches and —% when higheft, at 28 Inches when loweft, and there- 
fore at 29,4 Inches at a Mean. Confequently when the Air is lighteft it 
will weigh 14 Pounds 2 Qunces Avoirdupoids, &c. upon a fquare Inch ;. 
when at a Mean 14 Pounds 14 Ounces, upon the fame Surface; and 1 = 
Pounds 9 Ounces, when the Air is heavieft: from which it follows, that 
in fair Weather, when the Air is heavieft, a middle-fiz’d Man carries a 
Weight of Air equal to 33684 Pounds, eight Ounces Avoirdupoids ; when. 
it is foul or windy, and the Air is lighteft, a Weight of 30622 Pounds: 
ny five 
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Le&t. Xs five Ounces; and 32153 Pounds fix Ounces at a Mean*, What enables 
— 4 Man to bear this great Weight, is the Air included in our Flefh and © 
* the Cavities of our Bodies, which aéts by its Spring againft the Preflure 
of the external Air. And this leads me to the Confideration of the Air’s 

- Elafticity. 3 
+L.y.N°2t . 10.. We have already explained what the Air’s Elafticity is+-, and - 
fhew’d by the 21ft Experiment of Set 7. Plate 10. Fig. 11. that the 

Denfity of the Air, when comprefs'd, is proportional to the Weight that 
comprefies it; and will return to its natural State when that Weight. is 

remov'd. But this Expreffion natural State muft be underftood of the 

Denfity the Air has before it is comprefs'd by the Experiment we are 

making, or rather farther compre/s'd; for the Air that we breathe near 

the Earth is already in a comprefs’d State, as. it is condens’d by the Weight 

of the fuperior Air, and therefore will rarify it felf as fome of the; fuper- 
incumbent Weight is taken off, either by fome of the fuperior Air being 

blown off, or by SONS Vi Air that you examine, farther from the 

Earth upwards :, and this ilatation increafes as the Preflure diminifhes; 

_as, may be gather’d from Mr. Paj/ca’s Experiments, and thofe of many 

other Perfons, who have catried Barometers up to the ‘Top. of ;Moun- 

tains, and have found the Mercury to defcend as they went up,,and to 

rife again as they.came down. | bed 4 ste inl 

ri. Ir the Air was every where of the fame Denfity t, it would bean 

eafy thing to find the Height of the Atmofphere thus. Make the Tori- 

- cellian Experiment at the Bottom of a Mountain, and obferve the Height 

at which the Mercury. ftands in the Tube, fuppofe at 30 Inches; then 

make the Experiment again at the Top.of the Mountain (which we will 

fuppofe for example 1015 Foot high) and. obferve what is the Height-of 

the Mercury. in the Tube there, fuppofe 29 Inches; then the Height of 

the Atmofphere wou’d be found by this Analogy : 

As the Difference between the Height of the Mercury at the Top, 
and the Height of it at the Bottom of the Mountain, which 
is here. one Inch : elaiet 

To the Height of the Mercury at the Bottom of the Mountain, 
which is here 30 Inches :: | 

So is. the Height of the Mountain, here 1015 Foot: 

To the Height of the Atmofphere, wz. 30045 Foot, or five English 
Miles and five Furlongs. 

But the Air is not every where of the fame Denfity, as we.have faid be- 
fore ; and he that goes up a high Tower or a Mountain with a portable 
Barometer — 


+ Itis well for us that the Air varies in Denfity ;. for otherwife we never fhou’d have any 
Rain, and be liable to fo many other Inconveniencies, too long to mention here, that few Animals 
could live in it. 


* Annot. 
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Barometer may obferve, that if the Mercury falls =. of an Inch at the Lec. X. 
firft go Feet of Rife, it will not fall the next tenth of an Inch, till the —“w"~ 
Barometer is carried up 93 Feet higher: and {0 the Height of every Co- 
lumn of Air of the Weight of =!, of an Inch of Mercury will vary ac- 
cording to the Height of its Situation in the Atmofphere, each being 
_ about three Feet longer than the laft, tho’ containing no more Air, And 
if for an Height of 101s Feet the Mercury fallsan Inch, the numbers of 
Feet expreffing the Height of the Columns from the Ground upwatds, 
will be 90, 93, 96, 99, 102, 106, 108, IPI, 114, 117, 

Ir is from fuch kind of Obfervations that Dr. Halley and. others have 
made Tables, to {hew what would be the Heights of the Mercury in the 
Tube, and the Denfity of the Air at different Heights from the Earth. 
Here follow two of them from Dr. Halley, 


IT. 


I, 

A TABLE, fhewing the Al- 4 TABLE, feewing the Heights 
titude to given Heights of the of the Mercury, at given Alti- 
Mercury. tudes. _ . 

Inches... : Feet. 7 _ Feet. Inches and Tenths. 

3Q9ztigliny ie tia. pnR TY. OF hike OFA BO 30.00 _ 

29 ect i LQ BBY OC et J: SHW IZ E2381 28.91 

28 t Ea BGa0 12 / © 2000) 27.86 

27 2844 3000 20.85 

26 3863 4000 25.87 

25 : 4922 5000 24.93 

20 _ 10947 | 1 Mile. 24.67 

15 Pe iSyeS Ua he , 20,29 

10 7 29662 — Oe 16,68 

5 48378 4 13.72 
I 91831 5 11.28 
0.5 110547 10 4.24. 
0.25 “129262: * 3 20 1.60 
014-29 Miles, or 154000 25 0.95 
0.001 41 Miles, or ‘216169 . 30 0.23 

53 Milcs, or 278338 40 0.08 


0.012 


N. B. Txo’ thefe Tables don’t perfeétly agree with Phenomena, for 
want of a fufficient number of Obfervations to build them upon ; fince . 
they are the beft extant, I was willing to give them. When more accurate 
Experiments are made with a very good portable Barometer on the Tops, 


Bottoms, and Sides of Mountains on the {ame Days, they will afford Ma- 
terials for better Tables, 3 


Vou. Hua ie 12. 
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Lec. 4 
Se testi 12. Geet we bide; in. our ach LcGutes arid its: Notes, explain’d 
. the decreafi ing Denfity « of the Air; to fet the matter ftill ina elearae light, 
we will defcribe an Experiment, which, tho’ it cirinot: be made; niay 


be fuppos’d for a further Illuftration. , 
# Plate2xn Let usfuppofe A B *. to be an horizontal Tuibe 60° Miles long, clofe 
Fig..7. at one,End as at A, and that A.C. is one! tenth Part of he whole Tube 


filld with common Air, and that that Air) is Kepthin bi va Pifton at C, 
ahd that the Parts de, ‘ef ft By g hy bt, wk, Pi, lm, mn, ate quite 
empty of Air, which is: hinder’d Conn coming irito the Tirbe by a Stopple 
at B, Now if we, fuppofe this Tube fet upright on its End Ay. at a, thé 
Stopple B taken: out, at: 6, and the Pifton € at liberty to: move fréely, that’ 
Pifton will rife up toc, and by, the Elafticity: of the Air check’d by its 
Preffure, the equal Portion of Air Pings) 4) ss 6: 718, (oni 
expand fo as to fill all the Tube, but into unequal Spaces,’ according as 
they are prefs’d with more,, OF lela, or no fuperiour Air: ..comparinig: - 
L..7. Ann. 9 with what has been faid in Lect. z- N° 23. and Annotations g:and ro. 


13. We generally meafure the Height of the-Mercury in the Bardeal 
méter’ from’ the Level of the Sea, to which we reduce all Obfervations?: 
if we would-be accurate ; otherwite i it is not underftood by others at whaé§ 
Height the: Mercury really, ftands in our Baronitter, if we only mention” 
at what Diwifion its Surfaceds in our Scale, ges we fay how high our 
Inftrumentiis placed above oe ig | 


14, Irs ‘qrasthonlde My a | portable Baroni into a Coal-Pit, the 
Mercury would rife in the"Tube, in proportion: ‘to: the lengthen’d Column: 
of Air préffitig upon the’ ‘Mercury in the Ciltern. To thew this, wes 
may ufe Water inftead of Air, asin the following? 


» , EXPERIMENT 5. Plate 21%: Figs 8. 
Plate 24. Havine. cinverted therLorice/lian Tube as uftral, in‘ the’ Vettel wt 
ee with the Meveury ftandingin the Tube at  m; “ falten thrée Strings like” 
T H to the’fop of the Veffel M, and by thofe Strings, ‘and the” Hook. 
H, let down'the Barometer into the Water of the Jar A BCD, 14. 
Inches below:the Surface S s,:and-you~ will ‘find*that the’ Mettiiry i in the _ 
Tubeiwilk-rife from mim ton my becaufe’ as" Water weighs 850 times — 
more:than, Atry:a Column of Water of 14 Inches, weighs as much asa.” 
Column of. Wh teins theame Diameter} 1. Feet, and eight Inches’ hie hy i 
which might beaddedto the Column preffinig on thé flagant Mercury above ’ ‘ 
the Level of the Sea.. As you take out the Barometer, the Mercury falls.” 
| 15: 
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15. We have fhewn how the Air’s’* Elafticity exerts itfelf, when it —~—~ 
is comprefs’d into, a lefg Space than what it ufvally poffeffes near the Earth, ~ 7 
by other Bodies, Fluids or Solids, made ufe of to comprefs it + : Now we+ t, >. 
will. thew howits Elafticity.dilatesit,y--when it is lefs tomprets'd° than ‘it Is 
in. its common State in which we breathe it, by‘ eafing it’ of Ome of the 
- Weights that keep it in that'Condition, =~ | | 
» Tue Air therefore, fuch as ‘it is near‘our’Globe, rarefies itfelf in fuch 
amanner, thatzts Bulk is always in aminverfeRatio of the Weights that 
compre/sit. Mr. Boyle and: Monf. ‘Mariotte have fettled ‘this Rule by 
the following Experiment. POLST TORT TE On 4 : 
. , EXPERIMENT’ 6. | | , dena | 
Take a Barometer ‘Tube A*B;’(Plate21. Fig. gs) which, haying Plate 21. 
been well fill’d, ‘will hold:the Mercury ‘fufpended’ at the Height C B. Fig: 9. 
If you: let into this Tube as much Air as would fill in it the Space A ‘D,~ 
the Mercury will not ftop.at the Height B'D ; but will fall; and fop ata 
certain Height B E, beeaufe’the! Air which is in AvD rarefies itfelf; and” 
fills A E, By help of this'Experiment, which juftly meafires the Spaces 
A.D, ED, andthe Heights BC, BE, the foregoing Rule has been efta- 
blith’d, by reafoning in the following manner, The Force with which: 
the Air is naturally comprefs’d here, is equal to the Weight of the At- 
mofphere : the Mercury which ftands-at the Height BC, is by its Weight 
in, equilibrio. with the Weight ‘of the Atmofphere, and ‘therefore that 
Weight may be exprefs’d by the Columin of Mercury BC. | 

__ Tue Air introduced into the Tube, and which took up the Part of 
it A D, was comprefs’d by that Weight: but when, after the Experiment 
was made, its Bulk is by Rarefaction become greater, fo as to make it 
take up the Space AE; confequently the Elafticity which this rarefied 
Air has left, join’d to the Weight of the Column of Mercury E B, is 
21 .equilibrio with the Weight of the Atmofphere, which preffes on 
the ftagnant Mercury at B, or with the Column of Mercury C B. 
Now if from.thofe two Sums you take away the Column of Mer- - 
_ cury EB, which is common to them, there remains the elaftick Power © 
of the Air at A B,*which is in eguilibrio with the Weight of ‘the 
Column of Mercury EC; thus the Weight which compfeffes- the ra- 


. tehed Air A E, is equal to the Weight of the Mercury at CE. ‘If there- 
PE 2m: het fore 


_ * "The Elafticity of folid Bodies is very diffe- pears under a greater Bulk than before, which 
rent from the Elaiticity of the Air; for they doesnot happen to folid Bodies that are elaftick, 

dilate themfelves quite othetwife. For when. which only recover the Figure that they had ~~ 

Air ceafes to be comprefs’d, it not only dilates beforé they were comprefs’d. 

itfelf, but it takes up a greater Space, and ap- 
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fore you meafure the Lengths A D, A E, which the Air occupies in 
both Cafes, you will find them to be, as CEto CB; and confequently 


_* the Bulks of Air are in an inverfe Ratio of the Weights, which comprefs 


them. - | | 

WHEN you would make this Experiment, you muft make ufe of a 
thick Tube, but of a {mall Bore, and all the way exactly of the fame- 
Bore, which you mutt try firft by meafuring it with Mercury. Then 
you muft fit into A (which End of the Tube mutt be open) a Gla 
Stopple fo tight as to hinder the Air from coming in at that) End: By 
moving this Stopple, you may let: in juft as much Air above the Mer- 
cury as you would have. If you fhould make ufé of a Tube hermeti-- 
cally feal’d at Top, in order to let in the Air at Bottom after having 
pour’d in the Mercury ; and that you: invert it afterwards, in order to 
make the Mercury come down, there always remains a great deal of 
Air difpers’d here and there between the Parts of the Mercury, which. 
does not rife up thro’ the Mercury, fo that one can never exaétly mea. 
fure the Place, that the Air muft occupy at the Top of the Tube; and: 
confequently not be certain of the Truth of what has been afferted: 
here. This Inconveniency is remedied, by letting in the Air at Top, | 
and then keeping the Entrance fhut with the Glafs Stopple, NM. B.. 
This is treated Algebraically in the Notes *. | 

Y ov are not to think that for thefe Experiments there is: a: Necef:. 
fity of making ule of a Tube, whofe Length is greater than the Height - 
of the Mercury in the Barometer: For the thing, may .be done with. 
much fhorter Tubes ; nay Tubes of any Length, provided your Reafon-. 
ings be upon the fame Foundations. Let us fuppofe a Tube but 6 Inches . 
Jong, that you would fill, with Mercury, and in which you wou’d leave - 
fuch a Quantity of Air, that there thall be only two Inches of Mercury : 
lett when the Tube is inverted: This being fixed, it is tequired to know- 
how much Air you muft then leave in the Tube? 1 fuppofe. that the - 
Mercury in the common Barometer ftands then at 29 Inches, the Diffe-. 
rence between that Height, and the Height required, will be then of 20- 
Inches, the Space that the Air muft take up in the Tube, after the Expe=.. 
riment is of 4.Inches, and confequently you'll have this Analogy 29,: 27: :- 
4:3 55 wherefore there muft be 3 22 Inches of natural Air left in the - 
Tube, if you would have the. Mercury afterwards preferve. an. Height - 
of 2 Inches. | ) E 


16. How far this Property of the Air of expanding it felf isextended,we - 
do not certainly know ; and it is very probable that it can be determined - 
by no Experiments, Neverthelefs, if you compare the following Expe- 

runents:.; 
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riments with the Experinient of the Air compared ina Pump or Syringe, Le&, X, 
i] 


it will appear that the Air may take up twenty thoufand times more Space —~~—~ 
mone Cafe than in the other, | | 


EXPERIMENT 7. Plate 21. Fig. 10. 

Cer the GlafS A B, about 14 Inches high, be exactly fill’d with Plate 21. 

Water; it has a Brats Cap fix’d to it at the End B, by which it is to be Fis: 1! 
ferew’d to the Braf§ Pump or Syringe, that is reprefented in Plate 21. 
Fig. 11. By drawing out the Pifton of the Pump, the Water defcends 
into it by its Gravity; and the Place in the upper Part of the Veffel is 
void both of Air and Water. ‘The Air-Bubbles in the Water, which are 
now compreffed, becaufe the Air does not a@ upon the Surface of the 
Water, expand theméfelves, and rife up to the Surface of the Water; in 
that Motion the Bubbles are accelerated, fo as not to be feen diftinétly 
near the Surface, upon account of their very {wift Motion; they alfo 
grow bigger as they afcend, and if you compare the Diameter of a Bubble 
at B, with its Diameter, when it iscome almoft up to the Surface of the 
Water, but fo far from it as to be feen diftinly, its Diameter is at leaft 
four times ds great as before. 

Tue upper Part of the Glas, as was {aid before, is intirely void of 
Air, for the fmall Quantity of Air, which is continually going out of 
the Water, is not to be taken notice of here; therefore the Air-Bubbles |» 
near B, which is about a Foot below the Surface of the Water, are com-~ 
prefled only by the fuper-incumbent Water; which Preffure is to the 
Preffure of the Atmofphere nearly as 1 to 32; in which Ratio alfO is the 
Space taken up by the Air, when it is comprefied by the whole Atmofphere, 
tothe Space taken u pin the Bubbles above-mentioned ; their Diameter in their 
Afcent, as has been {aid before, becomes quadruple; that is, the Bubble be- 
comes 64 times bigger than it was; and fo the Space taken up by the Air 
in this laft Cafe, is to this Space taken up by the Air, when comprefled 
by* the Atmofphere, as 64 times 32 (that is, 2048) to 1. The Air~ 
comprefied by the Atmofphere is reduc’d toa Space 10 times lef§ in the 
Forcmg-Pump, and fo the Denfity of the Air above-mention’d is to the 
Denfity of this Air, as x to 20480, Extracting the Cube Roots of thefe - 
Numbers, we/fhall find that the Diftances between the Centers of the 
Particles, in thefe two Cafes, are as 1 to 27.:. . 


17. Hence we conclude, that the Particles of the Air are not of the 
fame Nature with other elaftic Bodies, for the fingle Particles cannot ex-- 


pand themfelves every way into 27 times the Space, and fo be -increafed 
2900 times, preferving their Surface free from every Inequality or Angle ;.. 
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for in every Expanfion or Compreffion, the Parts are eafily moved, one 


“—v—~ among{t another’; but as ‘the Air may be dilated much more than in this 


Pilate er. 
Fig. 12, 


* Plate 21. 
Fig, 12. 
L. 8. 


* Plate. 21. 
Fig. 1. 


Experiment, it follows, that the Air confiffs of Particles which do not 
touch one another, and that repel each other; as we have faid in the Be- - 


ginning of this Book, and fhall fhew further in our fecond Differtation 


about the Rife of Vapours; and we have fhewn, that in feveral Cafes 
there are Particles endowed with fuch a Property ; and it is plain enough 
that it obtains here; but we are entirely ignorant of the Caufe of. this 
Force, and it muft be looked upon‘as a Law of Nature, as is plain from 
what has been faid. | 


18. Tue Force, by which the Particles of the Air fly from each. 


other, increafes in the fame Ratio as the Diftance in which the Centers 
of: the Particles are diminifhed ; that is, that Force is inverfely as this 


sai 


general ;.for by 1 and'8 we exprefs the Cube Roots; and laftly, by r 


But -nowtoreturn tothe Barometer. Since all the Variation of the 


Height of the Mercury in the Barometer is but of three Inches in per-. 


pendicular, _feveral'Philofophers have endeavour’d to render this Variation — 
more fenfible by many Contrivances, a few of which I will defcribe — 

here, with Obfervations upon them.” ‘ epi 
First, Sir Samuel Moreland contriv’d an inclin’d Tube, as F D.C*, 
For if inthe fame Veflél of ‘ftagnant” Mercury be fet the upright Tube 
‘GBA, with-the faid Tube, and the Height B G be of 28 Inches, and 
G A.31 Inches, and:thro’ Band A two Lines be drawn parallel to the 
A wy viilaudenld ry et ee es 
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Horizon, then as,the Mercury. rifescin the Tube G A from -B to Ait Leckey 

will alfo rife m the bent."Pube from: Dito C. ' By means of this*Bend, ess A ae 

Inclination ofthe upper Part of the “Pube, the Length. D~C may be 4% Figen 9 

you think fit, fo as tonbes.-forvexample, twice,’'three,’ or “four times 

_ greater than B.A,+ fo.as to make the Rife of the “Mercury: fo mach ‘more 
fenfiblein D.C .than,B A: “Fhis appears to: be‘a’ fine’ Invention, but it 

has its Inconyeniencies:, for the Surface of the: Mercury in the Tube DC’ 

is not . parallel, to the Horizon; as may be {een in Fig. 13, which ‘repre: Plate 21. 

fents the End.of the inclin’d Lube DC): at F & 2 -but it is convex, ask hig Pis- 13+ 

Here..the Queftion, may bevafk’d, where mut we reckon the true 

Height of the Mercury ?... Muft..we fix it at ‘ky or b or at “¢. ~Be-- 

fides, as the inward Surface. of the Tube isa‘ little rough, “it hinders the 

Mercury from. defcending at the under: Side & m, fince-it ts carried down : 

by fo weak a.Weight, as hardly to:bz ‘able to overcome the Friction, fo 

that.at.firlt we donot feethe true Delcent.:. This is a confiderable In- 

conyeniency, when the ‘Tube D.C is muchinclin’d 5 and if it is not-very” 

much inclin’d,, the Advantage. of the large. Divifions is: loft.» Tt appears” 

hereby, .that this Contcivance is more ingenious than happy, and-that one 

may almoft.as, foon tru(ta common Barometer, Tho’ I have never een 

any_of, thefe Inftruments, where the Mercury was not apt to ftop often’ 

beyond, or fhort. of its true Place ; yet I have heard that Mr. Orie, of ~ 

Afhby dela Zouch in Leicefterfbire *, has a particular Method of pre-* Ann, 3. 

paring his. Quickfilyer, fo that it fhall not ftick by the way, or part as 

it defcends. | 


i 


19. Tue 14th Figure reprefents Dr. Robert Hooke’s Wheel-Barome- Plate 2t, 
ter. ABDGR F is aTube bent at Bottom near RGF, and which. lias Fig: 14. 
a great:Ball A B at top... On the Surface ofthe Mercury near-G,- there is. 

a. Ball, or.a little Cylinder’ of. Iron fufpended by a Thread‘ F S DH, 

which goes round a {mall Pulley’S .D, which it caufes to turn: At the - 

other end of the Thread near H jis faften’d another’ Ball lighter than the 

former, which holds the Thread ftretch’d, ’’The Pulley ‘has “upon its 

Axisa long Index L K,. which thews the Variations of the Heights of”. 

the. Mercury:in the. Barometer upon a large graduated Circle M N PO, > 

When the Mercury ftands.at the Height of 3 1r-Inches in the Tube of the’ 

common, Barometer,..it ftands.in-this Barometer at the Height-A B, and 

in the lower, End near,.G,. fo that the Colamn fuppos’d to be continu’d 

from. .G to A.will be 3a Inches long. But if the Mercury finksin the 

common Barometer to 28 Inches; it will fink in this Barometer from A 

to Z, and rife.in.the turn’d up-End from G to F, «till the Column F Z. 

be but 28 Inches long, Confequently, if the Tube was every where en 
} : the 
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Plate 2t. 
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the fame Diameter, the Mercury at top near A B coming to fall r + Inch, . 


would make that which is at bottom rife from G to F, alfo one Inch 
and +, which would make the Column F Z three Inches fhorter than_ 


‘the Column G A, and confequently the Motion of the Mercury in this 
Barometer would be half lefs than in the common Barometer. But as 


the Tube here has at its Top the Globe A B ofa large Diameter, a {mall 


‘Defcent of Mercury in this Globe will fupply enough to caufe a Rife of 
_three Inches in the Tube FG ; and thereby the whole Variation of the. 
Heights of the Mercury of the common Barometer is fupplied to this Ba- 
rometer. Now let us fuppofe the whole Circumference of the Pulley SD 


to be of three Inches, then it will make one Turn, while the Mercury 


‘of the Tube G F, by its rifing, will raife up the Iron Ball upon its Sur- 
:face three Inches: and fo the Hand L K will with its fall End defcribe 


the whole Circle LM DON L. If the Diameter of this Circle js of 
one Foot, the Motion of the Mercury in this Barometer will appear to be 


.of more than three Feet. This Barometer fhews the confiderable Varia- 


tions of the Height of the Mercury very well; but when the Mercury firft 
begins to rife or fallin the Tube G F with a fmall Convexity, or a 
{mall Concavity, the little Iron Ball has not Motion enough to caufe the 


‘Pulley S D to begin to turn, becaufe it cannot be without fome Friétion 


upon its Axis, which hinders one from {feeing the {mall Variations of the 
Mercury ; but when the Pulley begins to move, its Motion is greater: 
than it ought to be at that time. This is doubilefs an Inconveniency not 
eafily to be remedied. This Barometer is alfo liable to many other In- 
conveniencies, which have been taken notice of in the Philofoph. Tranfad. 
N° 185, and therefore we may look upon it as of no ufe, 


20. In the Year 1672 Mr. Huygens invented two Sorts of Barometers, , 
of which I fhall only defcribe the beft here. The Tube O M P is 2 5 


+ Inches long, and turn’d up at Bottom near M P: toeach End of this 


Tube is faften’d a Glafs Cylinder OH, PC, 1 4 Inch high, and whofe 
Diameter is ro times greater than that of the Tube; from the middle of 
the lower Cylinder P C rifes another Tube CN. I hall fay nothing | 

here of the way that this Barometer is to be fill’d, becaufe it may be 
Jearn’d in the Defcription that Mr. Huygens gives of it. Let us then 
{uppofe the upper Cylinder to be fill’d with Mercury up to K, and the 
lower up to. L, then the true Height of the Column of Mercury ‘would 
be V K. Ifthe Mercury finksan Inch from K to R in the upper Cy- — 
linder, it muft rife an Inch in the lower Cylinder from L to S, and then 
the true Height of the Mercurial Column will be I R; that is, two 


Anches fhorter than K V: fo that if the common Barometer has a Varia- 


‘tion 
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tion of two Inches, this will have only half of that Variation, v/z. one Leé. X. 
Inch. But the lower Cylinder muft be fill’d with Water from L to C: —~—- 
if then the Mercury fhould fink in the upper Cylinder from K to R, and Fieri. 
rife in the lower Cylinder from L to S, the Water of the Cylinder P C 
would prefs upwards. Now if the Water was without Weight, it muft 
rife inthe Tube CN 100 Inches, fince the Bore of the Cylinder P C is 
100 times greater than that of the Tube, fuppofing its Diameter as ro to 
1, But Water is heavy, its fpecifick Gravity being to that of Mercury 
as 1 to 143 and therefore 14 Inches of Water from L to G will prefs 
upon the Mercury L L with as much Force as one Inch of Mercury does 
atS L: therefore it does not fignify whether the Mercury LL be com- 
prefs'd by an Inch of Mercury S L, or by 14 Inches of Water G L; 
therefore one muft begin to take the true Height of the Column at the 
Lineof Points 1S. Now let the Water be at G, when the Mercury ftands 
at K. If the Water rofe in the Tube as high as N, and the Mercury 
fhould fink in the upper Cylinder down to R, rifing only to S$ in the 
lower, then the true Height of the Mercury would be IR— IM, fup- 
pofing I M to be +, of S N, fo that the true Height would be M R: 
Now-we muft determine the Proportion that there is between the Diffe- 
rence of the Heights of the Columns of Mercury I K, MR, which are 
confgrmable to the Heights of the Water atG and N. | See 7t done in a 
Little Compafs algebraically in the Notes*. But here at, length, for the * Ann. 4- 
fake of thofe who do not underftand Algebra. | 

Ler us fuppofe our Atmofphere to have its leaft Weight; for exam- 
ple, to weigh equally with 28 Inches of Mercury in the Tube of the 
common Barometer: let the Length of the Tube N C be of 28 Inches, 
and wholly filld with Water up to N; then the Weight of thofe 28 
Inches of Water will be equal to the Weight of two Inches of Mercury: 
therefore the Weight of the Atmofphere, which acts upon N, com- 
prefling it, and which is equal to 28 Inches of Mercury, will, together 
with the Weight of the Water NC, make a Preffure equal to 30 Inches 
of Mercury: fo that the Height of the Mercury in the Cylinder HO, 
andin the Tube O M P, muft be of 30’ Inches above the Surface 
of the Mercury in the Cylinder CP; = , ue 

In this Reafoning I have fuppos’d the Water which comes down in 
the Tube N C to take up no room in Height in the Cylinder C P, 
(which is true, when the Cavity of the Cylinder C P is infinitely greater 
than that of the Tube N'C; and then the ‘Water in the Tube N C muft 
have a Motion of 28 Inches, when the Mercury in the common Baro- 
meter moves two Inches: the Water rifes fo much the more in the Tube 
N C, as the Preffure of the Atmofphete is the lefs, and the Mercury falls 

Sioa. (le Mm the 
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the more in the common Barometer: on the contrary, the Water de- 
fcends in the Tube N C, when the Preffure of the Atmofphere increafes,.. 
and the Mercury rifes in the Tube of the common Barometer ; fo that 
the Motions of the rifing and falling of the Water in the Tube N are: 
juft the reverfe of the Rife and Fall of the Mercury in the Tube of the 
common Barometer. 

Wiruout making any more Suppofitions, let the Water a@uall 
fink, and pafs from the Tube N C into the Cylinder C P; when the At- 
mofphere becomes heavier, the Water will take up fome Space, and con: 
fequently the Mercury will be prefs’d upwards from the Cylinder C P 
into the Cylinder H O ; if the Water of the Tube thould pufh the Merz 
cury from Sto LL in the lower Cylinder, the Mercury muft alfo run 
into the upper Cylinder, and rife to an Height equal to S L; that seit 
the Mercury had ftopp’d before at the Height R R, it would then rife 
up to the Height K K, whence it would happen, that the whole Height 
of the Column of Mercury, which was before R I, would in that cafe 
become K V: If then R I had been before of 30 Inches, K V would 
then be of a greater number of Inches, at leaft of a more confiderable 
Height, and would confequently prefs downwards with more Force-than 
before, and thus the Water will bea-new puth’d from the Cylinder ©P 
upwards into the Tube N C, till the Weight of the Water, join’d-to 
that of the Atmofphere, becomes 7” eguilibrio with the Preffure of the 
Column K V; hence it comes to pafs, that the Fall and Rife of the 
Water in the Tube N C will be fo much the greater, as the Cylinders 
C P, HO, are of a larger Bore, in refpect of the Tube NC. If the 
Cylinders were an hundred times larger than the Tube N C, and all the 
Water fhould pafs from N C into the Cylinder C P, it would there make 
an Height of 25, Inches, or 3, ; thus the Mercury in defcending as 
much from S$ to Lin the Cylinder C P, and rifing from R to K in the 
upper Cylinder H,O, would form a Column K V. of 29 +4 Inches, 
which could not, happen, if the Variation in the Motion of the Mercury 
was but of two.lnches,,unlefs it were of 2/44 Inches, Experience has 
taught, that the, Variation.of the Height, of the) Mercury is actually of 
2 54, and even fomething more; therefore it will be. found, that the 
Variation of the Height of the Water in the Tube NC, mutt be at leat 
of 28 Inches, Ake . : ) | 

We have here fuppos’d, that Water was pour’d into the Tube CN, 
but, as it would freeze in Winter, Mr. Huygens wanted to have it mixed. 
with Spirit of Nitre, and ting’d with Vitriol, the better to fee where it 
ftood in the Tube, Andas Water is liable to evaporate, he was for 
having a Drop of Oil of Almonds pour’d upon it, This Barometer fhews _ 

Mr... 
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Mr. HAuygens’s great Genius and Penetration ; but yet it is not made ufe Le&, X. 
of, becaufe it cannot be made without much Pains and Trouble: befides, = ia 
it is liable to fome Inconveniencies ; for the Drop of Oil, which mutt be Fees 
pour’d in from above, {ticks to the Side of the Tube, and occafions the 
Water, after having pafs’d thro’ it feveral times, to make the Tube o- 
paque, by {preading it. But the greateft Inconveniency is the Adtion of 
Heat and Cold, which caufes the Liquor in the inferior Cylinder LC S, 
and in the Tube CN, to be affected like the Liquor in the Ball and Tube 
of a Thermometer. For this Liquor being rarefied by Heat, and con- 
dens’d by Cold, it happens that the fame Quantity of Water rifing up to 
different Heights, is 22 eguilibrio with difterent Quantities of Mercury : 
and therefore if, upon this Barometer, you would exactly mark the true 
Height of the Mercury, you muft have a Thermometer juft by fill’d with 
the fame Liquor, whofe lower Cylinder contains as much asP C, with a 
Tube, whofe Diameter is like that of CN: then the Ri or Fall of Lis 
quor in this Thermometer muft be. fubftraGted from, or added to the 
Rife or Fall of the Liquor inC N, the Tube of the Barometer ; or, at 
Jaft, there muft be a very exact Scale graduated upon fome other Ther- 
mometer, to compare with it the Elevation of the Liquor in the Baro- 
meter, in order to make proper Allowances for what we have taken no- 
tice of ; and this has been done very exactly by fome learned Men, Some 
People have fince endeavour’d to: make thefe Barometers more fimple, 
filling them with Mercury and Spirit of Wine: Inftead of the Cylinders C P 
and HO, they only take Balls made like Pears, to which the Tubes may 
be join’d more eafily by the Glafs-Blowers ; but by this Make, one takes 
away all the Exactnefs which Mr. Huygens had chiefly regard to, and alfo 
multiplies its Errors, as well becaufe the Spirit of Wine is continually eva- 
porating out of the Tube N C, which is open, as becaufe it is liable to 
great E\vaporations from Heat and Cold: laftly, another Inconveniency 
is, that one cannot make an exact Scale for the Tube C N, becaufe of the 
Figure of the Bodies H O, C P, which are like Pears in this laft Con- 
ftruction. | 
Tue Variations of the Height of the Liquor in this Barometer certainly 
do not deferve the Pains that we are oblig’d to take to make it fit for Ob- 
fervations ; and therefore other Philofophers have endeavour’d to make it 
ufeful by making Alterationsin it. Itis faid, that Dr. R. Hooke was the 
firft who had that Defign in the Year 1668, and that Mr. Hudin in 
France communicated it to the Publick in 1673; and laftly, that the 
Defcription of it was given in the Philo: Tranfattions, N° 185. Mr. 
_ De la Hire had the fame Defign afterwards : and there is reafon to think, 
that he did not know that any body had before him given a Defcription of 
Mm 2 this 
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Leet."X.) this new Inftrumient, which may eafily happen; for it would be wrong” 


‘ty to fufpect this great Mathematician of being willing to afcribe to himfelf 
rf the Difcoveries of another, -and publith them as his own. 


21. Tris new Barometer, or old one improv’d, was made in the fol- 
lowing manner, : 
Plate 21. Tuny took three Cylinders or Boxes, OX, ZC, DQ, of the fame 
Fig. 10. Diameter and Height, two of which, O X, Z C, are faiten’d to the 
Tube OS Z, as in the former Barometer, but to the upper Tube C D is 
join’d a third Cylinder QD. The Tube D Cis of an indefinite Length, 
but yet it is fo conftructed, that the ‘Square of the Diameter of the 
Tube D C mutt be to the Square of the Diameter of the Cylinder C Z, 
as the Height to which the Mercury can rife in the Cylinder C Z, 
is to the requir’d Height of the Tube C D. Let us fuppofe this Baro- 
meter to be duly fill’d with Mercury ; that in the Cylinder OX the Mer- 
cury ftands near A, and from thence fills all the Tube O SR, and is. 
come into the lower Cylinder Z C, quite to B: You muft pour down 
upon the Mercury Brandy colour’d with Cochineal, from B to the mid- 
dle of the Tube near G; then pour on Oil of Turpentine from G into 
the Cylinder D Q_ up to K. ‘Then when the Mercury goes down in. 
the Cylinder O X from A to L, it muft rife as much in the lower Cylinder 
from B to. H, which makes the Brandy ‘with the Oil of Turpentine rife 
as much, and go up into the Cylinder QD, from K toN, {o that there 
is thenthe fame Height and Preffure as before upon the Mercury in the 
inferior Cylinder C Z, becaufe B K —HN;; confequently the Preffure, 
which a@s upon the Mercury B, does not change, but always remain: 
the fame; fo that here you have only a recurve Barometer, upon whole. 
Mercury all Variation of Preffure depends only upon the Preffure of the 
Air. As this Variation in the common Barometer 1s equal to three 
Inches, in this Barometer it will be equal to 1 ¢ Inch ; and the Mercury 
may rife in the Cylinder O X from A to P#, which is the Height of 2 
of an Inch, and fink from A to L, which is likewife } of an Inch :. 
therefore the Mercury will fink in the Cylinder Z C from B toR, which: 
is 4 of an' Inch, and rife from B to H, which is alfo 2 Inch, and there 
will be in the upper Cylinder D Q_Variations of the {ame Dimenfions. 
Now let us fuppofe the Diameter of the Tube C D to be of one Line,. 
and‘ the Diameter of the Cylinder to be of nine Lines, then their Con- 
tents will be as 1 to 81. Then by this Analogy 1: Boy ses ee 
the Tube C D mutt have for its Length 121 4 Lines, (or 10 Inches 1 £ 
Line) fo that the Liquor, which ftood at G when the Mercury was near | 
Aix the Cylinder O X, will defcend from G toC, when the we fic 
all 
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fhall rife from A to pP; and when it falls from A to L, the Liquor Lect. X. 
will rife from G to D. In this manner may a Barometer be made, [77Y, 
which fhall be fenfible, or moveable, to what degree you pleafe. This Pig 08 
Invention is very plain and fimple, and much more eafy to comprehend 
than Mr. Hluygens’s former Barometer: But yet it has its Defects, which 
Experience has difcover’d, and we fhall fhew here. 

Tue Oil of Turpentine flicks to the Tube GD, fo that when the 
Brandy rifes, it cannot wholly clear the Oil from the Tube, -fo that it is 
fore’d to go thro’ the Oil, which makes it opake as well as the Tube, 
To prevent this Inconveniency, Philofophers have endeavour’d to change 
the Liquors, taking a Solution of Pot-afhand Oil of Petre; but this is no 
Cure for that Inconveniency, which {till remains the fame, and they 
have never yet been able to correct this Fault by any kind of Fluid hi- 
therto employ’d for this purpofe. Perhaps hereafter Chemiftry may fup- 
ply us with fome Fluids, lefs attracted by Glafs, and confequently lefs 
liable to adhere to it. | 

Tue lower Liquor of the Tube CD, and of the Cylinder C Z, 1s like 
that of a Thermometer, therefore one muft always have a Thermometer at 
hand; whofe Variations muft alfo be large, in order to rectify the Height G 
inthe Tube C D. It is therefore reafonable to defer ufing this Barometer, 
till means have been found to remedy thefe two Inconveniencies, 


_ 22. Tue pendent Barometer, which ufed to be made and fold by nist ot 
Mr. Patrick, (the late Toricellian Operator in the O/d Baily) was really ea 
invented by Mr. Amontons, who publifh’d a Defcription of it in the Year 
1695. He took a long Tube A B, whofe Bore was conical, biggeft at 
Bottom, and there only 7 of an Inch wide. Let us fuppofe this ‘Tube 

with the Hole downwards to hold 31 Inches of Mercury from A to C; 

_ as the whole’ Variation of the Height of the Mercury in the common Ba-- 
rometer is from 31 to 28 Inches, let us fuppofe the fame Quantity of 
Mercury that was in A C to be but 28 Inches long, when it is in the 
lower Part of the Tube at D B; then it is certain, that when the Mer- 
cury ftands at 31 Inches in the common Barometer, it muft in this rife 
up to ‘A C, where the Column of Mercury will be 31 Inches long;: on. 
account of the Natrownef of the Tube: and when the Mercury is loweft 
inthe cofnmon Barometer, the Column in this muft come down to DB, 
where, by the eréater Width of the Tube, the Column will be fhorten’d 
to 28 Inches; therefore the Courfe of the Mercury in this Barometer will. 
be from A to D, whilft it is but three Inches inthe common Barometer. 

If then the Tube B A is of the Length of BD 4D As= 28 + 31 
== 58 Inches, the whole Motion of the Mercury in this Barometer will’ 
be- 
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Le&. X. be of 31 Inches, which is above 1o times more than in the common Ba- 
tv, rometer. The Hole at Bottom B mutt be but =, of an Inch in Diame- 


+ Plate 21. 
Fig. 18. 


ter, left the Mercury fhould fall out of this open Tube ; and then the Air 
prefling upwards will fuftain it like a Bottom, or folid Pifton, Some 
Perfons ufed to call this a Sea-Barometer *, becaufe it may be carried 
conveniently to Sea inverted, and then held upright in the Hand in the 
Situation A B, when you want to ufe it. Therefore it has been much 
ufed within thefe 35 Years, and efpecially at Sea; and to hinder the 
Mercury from coming out of it at Bottom, as it might happen at Sea by 
the Shake of the Ship, a little Cotton is thruft up into the Tube near B, 
thro’ which the Air preffes freely: and if then by Accident fome of the 
Mercury fhould break off, and fall from the Column A D, you need 
only turn up the ‘Tube, and what fell off will join again to the reft. 
This Invention is very fimple; but by many Years Obfervations the fol- 
lowing Defeéts have been found in it. 1°. The Fri@ion of the Column 
of Mercury again{t the inner Surface of the Tube is very great, becaufe 
that Column mutt rife a great way in a little time. In the Cafe where 
there is 10 times as much Motion as in the common Barometer ;* when it 
is obferv’d that the common Barometer is a little rifen, this has not mov’d 
at all: you muft fhake the Tube to make it rife, and then it will rife 
very much. 

2°. Here is another Defect greater than the former. When you 
have fhak’d the Tube, and obfery’d where the Mercury ftands, if: you 
fhake the Tube a fecond time, the Mercury immediately rifes or falls, 
and does not come to the Place where it ftood before. Yet it muft be 


confefs’d, that that Defect is the lefs, when you make ufe of a Tube 


where the Range of the Mercury is but twice or three times greater than 
in the common Barometer. It is very likely, that thofe who praife this 


Barometer have not {een it, or at leaft not compar’d it carefully with other 


Barometers. It may do for Seamen who are not very nice, but will not 
ftand the Examination of a Philofopher. 


23. Here follows another fort of Barometer, invented by Mr. Do- 
minick Cajfint, and improv'd by that excellent Mathematician Yfobn Ber- 


nouilli, "Yo a large Barometer ‘Tube A B +, whofe lower End B H is a 


little turn’d up, muft be join’d at right Angles another Tube of a very 
{mall Diameter (for Example, 7, Inch) placed horizontally, and open 
at C, where it may be turn’d up about an Inch, tho’ that is not necef< 


fary : 


* The marine Barometer is another kind of Inftrument contriv’d fince by Dr. Hooke, and hall 


be.defcrib’d in its Place ; but this will hardly be of ufe, unlefs when the Motion of the Ship is 
extremely fteady, 
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fary: I found it fufficient to have the Angle right at the Joint with B C, Lea. X. 
Now let us fuppofe the Mercury to have a Motion of three Inches from sey fa 
D to L, asin the common Barometer, and that the Space D L contains Fig. 13. 
as much as I C, the whole Cavity of the finall Tube; then the Mercury 

of the Tube of the Barometer will ftand at D, when in the fmall Tube 

it will ftand at I. The Mercury defcending from D lower than 1 4 

Inch, will fill the Space I E in the narrow Tube, and ftop at E; but 

if it continues to fallin the Tube A B from G to L, it will advance in 

the narrow Tube from E to C; andas the Diameter of the Tube A B 

may be taken in any Proportion to that of IC; for Example, of roo to 

1; this Barometer may be made as moveable as you pleafe, and even 100 

times more fenfible than the common Barometer. The Conftruétion of 

this Barometer is the eafieft of any I know, and deferves much to be 

valued, on-account of its Inventors and great Range. Yet we may men- 

tion fuch Defects of it as Experience and Obfervation difcover, Air fome- 

times introduces itfelf between the Parts of the Mercury in the Tube I C, 

and f{eparates them from one another, when I C is too large. To ree 

medy this Inconveniency, that Tube muft not be above ;1, of an Inch in 
Diameter, or even lefs, and the Mercury you ufe mutt by Fire be purg’d 

of all its Air;. the Tube I C mutt alfo be very clean, and quitenew. And 

yet, after all this, the Mercury grows foul in time by its Contaét with the 

Air, which often caufes the Mercury to part as it moves from C towards 

I, at leaft {mall Globules break off, which ftop here and there in the fore 

part of the Tube that is empty. This Defect caus’d by a Separation in 

I C, is yet worfe, when you make ufe of Water, or other Liquors, as 

was done at firft. But there is another much more confiderable Fault 5. 

and that is,. the great Friction of the Mercury againft the Gla, which 

makes this Barometer even lef$ fenfible than the common, I have indeed 

daily obferv’d, that when the Mercury moves in the common Barometer 

go> OF +> Of an Inch, it ftill remains in its Place in this Tube; but if 

the Variation increafes in the common Barometer, then the Mercury in 

I.C moves very faft, and fometimes too far. If you {trike the Place | 

where. the Inftrument hangs to make the Mercury vibrate, it will not re- 

turn twice to the fame Degree: nay, it will differ an whole Inch, when 

1 Cis three Feet long, Notwithftanding all thefe Faults, this Barometer 

deferves to be improv'd, as we hear Mr. Bulfinger * is about it, Yet 1* See the Pe- 
don’t know how the Friction in the Tube may be ‘remedied, unlef the gg ane 
Tube I C could be polifh’d in the Infide, ‘and then I fear the Attra@ion Lana 
of Cohefion would be ftill an Hindrance. . 
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24. Ir wou'd be tedious to mention here any other Contrivances that 
have been invented to render Barometers more fenfible than the com- 
mon; but as they have all Defeéts, and the beft of them are difficult to 
manage, I will only fay here that the beft Inftrument of that Kind was 
invented by the Rev. Mr. ‘fobn Cafwell, Profeffor of Aftronomy at Ox- 


ford. tis indeed only for prefent Ule ; but it is 1200 times more fen- 


fible than the common Barometer. Its Defcription with Calculations 
fhewing its Senfibility, may be feen in the Notes *. 


26. Bur after all, the common Barometer is the beft and the moft laft- 
ing, and the moft to be trufted to for good Obfervations , and by apply- 
ing Nonius’s Divifions to the graduated Plate, one may know the Rife 
and Fall of the Mercury to the rooth or the, 2ooth Part of anInch: But 
unle& it be well made and well fill’d (which is very difficult to do, and 
underftood by few Workmen) there 1s no depending upon it: In order 
therefore to have the Barometer perfect, the following things are requir’d. 

iff, Tur Tube mutt be new and very clean within, which you may 
be fure of if the Tube be hermetically feal'd at the Glafs-Houfe, to keep 
it free from any Duft till you ufe it, after having “open’d one End of it 
with a File. IX 

2dly, Tue Bore of the Tube muft be large, to prevent the Effects of 
the Attraction of Cohefion, which hinders the free Rife and Fall of the 
Mercury. Not lefs than a quarter of an Inch; but I fhou’d rather chufe 


| & of an Inch. | 


3dly, Tue Diameter of the Ciftern that holds the ftagnant: Mercury 


mutt be very’ large in proportion to the Diameter of the Bore of the’Tube, 
ten times greater at leaft ; otherwife you will not have the right Meafure 


of the Length of your Mercurial Column. 


4thly, Tur Mercury muft be very pure, and not falfified by the Mix- 
ture of any Metal. 
sthly,, Tue laftthing to be confider’d is the preparing the Mercury 
and filling the Tube properly ;_ which [ leatn’d from my learned and in- 
genious Friend Profeffor P./. Mujchenbroek, who 1s as accurate in making 
Experiments as he is faithful in relating them. According to him then 
we muft proceed. as follows : 
Take the fineft:Mercury, no way falfified, and having ftrain’d it thro’ 
a clean Leather, put itinto a'glaz’d Barthen Pipkin, which muft be co- 
verd with a Cover that exaétly fits it. "This Pipkin muft be fet upon a 
clear Charcoal Fire, and there left till it boils : the Mercury then becomes 
volatile, but it is kept in by the Cover of the Pipkin, ‘The Mercury thus 
boiling 
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boiling is purg’d of the Air and Water that were mix’d with it. The Let. X:, 
Tube being juft cut open at one end with a File, muft be warm’d by a “YY 


long Fire to make it equally hot all over, nay very hot, that. all the 
Moifture and Air that {ticks to it may go off from its Infide*. _ For want 
of this Caution, the Air will adhere {0 ftrongly to the Infide of the Tube, 
that it cannot be driven off by the Mercury that is pour’d into the Tube, 
but continues to ftick in feveral Places.. The better ftill to purge this 
Tube of Air, it would be well to faften to a Wire a little Piece of 


fhammy Leather, and make as it were a Pump-Pifton of it, which mutt. 


be work’d up and down in the Tube to rub off the Air that fticks to it 
within. By this means the Mercury which is now boiling may diffipate 
the whole Air, by making it go hot out of the Tube. Then with a Piece 
of a large Barometer Tube is made a long Glafs Funnel by drawing one 
End of it into a long capillary Tube, which mutt be a little longer than 
the Tube to be fill’d. ‘Fake care to clean the upper Part of this Funnel, 
and to dry and warm it well at the Fire: then introduce it into the Ba- 
rometer Tube fo that it may reach to the Bottom, and_ pour in the boil- 
ing Mercury into this Funnel, which muft_be very hot, otherwife the 

Mercury will make it fly to pieces. The Mercury thus pour’d in, imme- 


diately goes to the Bottom, where it begins to fill the Tube, and rifes up 


flowly. When once you begin to pour into the Funnel, you muft go 
‘on without Intermiffion, that the Mercury may defcend without the Air 
having dtiy opportunity to get in between its Parts. When the Tube is 
full, draw out the little Funnel gently.. This is the way of filling the 
Tube very exactly, which then will appear brown in all its Length with- 
out one Bubble-of Air. If you have no Tubes feal’d at both Ends, you 
muit, before you fill that which you ufe, clear it well within, wafhing, 
it with Alcohol highly rectified, then rubbing it with a little Pifton of 
fhammy Leather faften’d to a Wire, rub off the Air which otherwile 
 wou’d ftick to the Infide of-the Tube. | 
_ W8eEN you wou’d know whether the Tube be well fill’d, you muft 
fhake it a little in the dark, fo as to make the Mercury rife and fall: if 
then you fee no light upon the Surface. of the Mercury, it is a fign that 


the Barometer is perfect; but if it gives Light, it is not asit fhould be: , 


for then you may be fure that there isa little Air above, to which the 
Light adheres. There are few Barometers but what give Light, when 
they are fhak’d, which is a Proof of their Imperfection: If you let in a 

Vor. I, Nn. {mall 


_ “If the Tube be-moift within or without, it tracting {mall Bodies; | and then you may ‘be 
is then-a non-electrick Body, and Air will ftick~-fure that it will. repel Air flrongly,, and, then 
to it ftrongly ; therefore'it will not“be amifs to the Heat of the Fire will preferve it in that State. 
rub it with adry Hand (or Paper) till youexcite The Fire will indeed give this Electricity, but 
Electricity in it, which you will find by its at- not fo foon as rubbing. 
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{mall Bubble of Air, fo as to have it run up into the upper Part of a per-- 
fe Barometer which gives no Light, you will then perceive it to begin. 
to thine. People ufed to imagine that the luminous Barometers were the 
beft, but that is an‘ error; for the contrary is obferv’d, The Light 
which Barometers give is a Phenomenon, which has already given Phi- 
jofophers much trouble ; and perhaps the Caufe of. their Opacity will 
give them as much. And indeed fince Light eafily paffes thro’ the Pores 
of the Glafs, this Queftion may be propos'd : Why does not Mercury. 
(hine without Air, and on the contrary why does it fhine with Air? 
There is forme probability that Light {ticks to the Air, and that coming 
along with it into the Tube thro’ the Parts of the Mercury, it appears 
at the top of the Mercury, rifing and falling with its Surface, tho’ it is 
(ometimes {een alone, when the Mercury falls in the Tube. The Light 
‘1 the Tube of the Barometer has been obferv’d in France, and a Defcrip- 
tion of it given in the ‘fournal des Scavans for the Year 1676. The 
famous Mr. ‘fobn Bernouili has alfo treated of it at length in a Difpute 
with Mr. Nebel. | 

WueEn once you have a Barometer well made, you may obferve that. 
the Surface of the Mercury becomes convex in the Tube as foon as the. 
Mercury begins to rife, and that it becomes flat, when it is going to fall. 
This Convexity, which is form’d in the Middle, is caus’d by the Attrac- 
tion of the Mercury to the Glafs, as alfo by the rough Surface of the 
Glafs, which hinders the whole Column of Mercury from rifing, as the 
Middle does, which is not expos’d to this AttraGtion and Fri@tion. Con- 
fequently if you confider the Height of the Mercury in the Tube, as it 
touches the Sides of the Glafs, you have not then the full Height of the. 
Column of Mercury, which is 7 equilibrio with the Height of the At- 
mofphere, but you have a fhorter Column: therefore you muft fhake. the. 
Tube lightly, or ftrike it gently with your Finger, which will imme- 
diately fet the Mercury in motion, and ‘make it rife in the Tube to its 
true Height, One may alfo conceive in the fame. manner, why the Sur- 
face of the Mercury becomes flat, when it is going to fall; the Middle 
of the Column of Mercury finks, whilft the other Part of the Mercury 
fill {ticks to the Sides of the Tube; if then you ftrike the Tube a little, 
or fhake it, the Mercury quits the Glafs and falls to its true Height. It 
is well to obferve all thefe Circumftances, when you wou'd-make exact Ob- 


-fervations with a Barometer. 


56. Ture is a temarkable Experiment relating to the Barometer or 
Toricellian Experiment, which we muft not pafs over without no- 
tice; and is this, If you have a Glafs Tube of a {mall Bore, and 70 

j vbisite: ora 
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or 80 Inches long, and you fill it with Mercury that has been thoroughly Ledt. X. 
purged of Air in the manner above-mention’d, or any other way, pro- —“~™— 
vided it be pure and well cleans’d, when you invert it into a Veffel of 
ftagnant Mercury with care, and without fhaking, the Mercury inftead 
of coming down to 30 Inches, the Height at which the: Preffure of the 
Atmofphere can fuftain it, will continue to fill the Tube, and not come 
down at all, and will (if nothing fhakes the Place where this Tube is) 
continue in this Condition fome Days ; but by ftriking the Tube with 
the Finger, or giving ita little fhake, the Mercury comes down and ftops 
at 30 Inches above the ftagnant Mercury, or at any other Height between 
31 and 28 Inches, according as the Mercury {tands in the common Baro- 
meter. Mr. Boyle alfo obferved the Mercury to rife up to 60 Inches in 
the Gage-Tube of his Air-Pump. Mr. Huygens likewife tried the Ex~ 
periment ; and Profeflor Mu/chenbroek, and many others, as well as my- 
felf, have made the Experiment. This Phenomenon would feem diffi- 
cult to folve, if we were not acquainted with the Power of the Attraction 
of Cohefion, that acts ftrongeft in Contact; for when the Mercury is well 
pure’d of Air, many Parts of the Mercury, which wou’d by the Interpo- 
fition of little Bubbles of Air be kept from touching the Tube, are brought 
into Contact with it, and thofe Particles that are in the Middle of the 
Column touch and ftick to thofe that are next to the Sides of the Tube, 
making, as it were, a folid Column for that time. That all this is owing 
to the Attraction of Cohefion is plain; becaufe the Experiment will not 
fucceed when the Mercury is not well purg’d of Air ; or even then if the 
Bore of the Tube is large. This is the reafon why the Barometers carried 
about the Streets to be fold, or fold cheaper than ordinary in Shops, be- 
\caufe of the {mall Quantity of Mercury in them, are all good for nothing, 
ds their Tubes are {mall and the AttraCtion of Cohefion makes the Mer- 
cury ftick to the Sides, of the Tube fo as not to rife and fall according to 
the Preffure of the Atmofphere exactly, as may be feen by comparing 

them with other Barometers. 
_- Now we come to fhew the Caufes of the rifing and falling of the 
Mercury in the Barometer, or of the Caufes of the Air’s greater and lefs 
Preffure upon the ftagnant Mercury; which I cannot do better than by 
giving the Subftance of our late Geometry Profeffor Dr. Ha/ley’s excellent 
Difcourfe upon this Subject, as he has publifh’d it in the Phzlofopbical 
Tranfactions N° 187. fince I wholly acquiefce in his Opinion of the 
Caufes of the various Preflure of the Air, and the Caufe of Rain; tho’ I 
intirely differ from him, as to the Caufe of the Rife of Vapours and For- 
mation of Clouds; of which my two Differtations annex’d to this Lec- 
ture will fhew my Opinion, ce 
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27. Dr. E. Haiusy’s Difcourfe upon the Reafons of the Rife and Fall 


" of the Mercury in fair and foul W eather. The Subftance of which is 


as follows: 


I. He premifes the commonly obferv'd Phenomena of the Mercurial 


Barofcope ; which are, 


Oy. ‘Tuat in calm Weather when the Air is inclined to Rain, the 


_ Mercury is commonly low. 


2, THAT ‘tis generally high in good, ferene, fettled, fair Weather. 


-Tuar it finks loweft of all on very great Winds, though they are 
not accompanied with Rain ; with relation to the Point of the Compats 
the Wind blows upon. ry Te Pett 
“4. THAT, ceteris paribus, the greateft Height of the Mercury is 
found, when an Eafterly or North-Eafterly Wind blows. dixon: 
5. Tuat in calm frofty Weather the Mercury generally is high. 
6. THAT after very. great Storms of Wind, when the Mercury hath 
been low, it ufually rifes again very fait. | , 
“ST ar the mote Northerly Places have a greater Alteration of the 
Rié and Fall of the Mercury, than the more Southerly. | 
8. Tart within the Tropicks, and near them, there is little or. no 
Variation of the Mercury's Height in all Weathers. , 


and whofe great Inconftancy here in England is moft notorious, 


NE HAT. the eae b being low is an Indication of Rain, becaufe the: 
Air being light, the Vapours are no longer. fupported thereby, as being. 
become fpecifically heavier thin the: Medium wherein they. floated ;. fo 
that they defcend. towards the Earth, and in their Fall meeting with 
other aqueous Particles, they incorporate together, and form little Drops 


of Rain; but the Mercury’s being ‘at. one time lower than at another, 1s 
¥ g © lower th aa 
p the 
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the Effe& of two contrary Winds blowing from the Place where the Ba- Lect. X. 
-rometer ftands; whereby the Air of that Place is carried both ways from ““"¥-~" 
it, and confequently, the incumbent Cylinder of Air is diminifhed, and 
accordingly the Mercury finks: as, for inftance, if in the German Ocean 
it fhould blow a Gale of Wefterly Wind, and at the fame time an 
Eafterly Wind in the Iri/h Sea; or if in France, it fhould blow a 
Southerly Wind, and in Scotland a Northern, it muft be granted me, 
that that Part of the Atmofphere, impendent over England, would 
thereby. be exhaufted, and attenuated, and the Mercury would fubfide, 
and the Vapours which before floated in thofe Parts of the Air of equal 
Gravity with themfelves, would fink to the Earth. 

2. Wy, in ferene, good fettled Weather, the Mercury is generally high ? 

Tuar the greater Height of the Barometer, is occafioned by two 
contrary Winds blowing towards the Place of Obfervation, whereby the 
Air of other Places. is brought thither, and accumulated; fo that the in- 
cumbent Cylinder of Air being increafed both in Height and: Weight, 
the Mercury prefs’d thereby, mutt needs rife and ftand high, as long. as 
the Winds continue fo to blow ; and then the Air being {pecifically hea- 
vier, the Vapours are better kept fufpended, fo that they have no Incli- 
‘nation, to precipitate and fall down in Drops, which is the reafon of the 
ferene good Weather which attends the greater Heights of the Mer- 
cury, 

: . Way, upon very great Winds or Storms, though accompanied. 
with no, Rain, the Mercury finks loweft: of all, with relation: to: the 
Point of the Compafs upon which the Wind: blows? 

‘Tus is caufed. by, the very. rapid: Motion of the Air in thefe Storms ; 
for, the Tractor Region of the Earth’s Surface wherein thefe Winds range, 
notextending.all round the Globe; that, ftagnant Air, whicly is left- be- 
hind, as. likewife. on. the Sides, cannot come in fo faft as to fupply’ the 
Evacuation, made by fo fwift a Current; fo that the Air muft neceflarily 
be. attenuated when-and. where the faid Winds: continue to blow, and that 
more or lef, according to their Violence, Add'to which, that: the hori- 
zontal. Motion of the Air, being fo quick as it is, may in: all probability 
take off fome. Part, of the perpendicular Preflure thereof*; and the great* Ann. 6. 
Agitation of its Particles is the reafon why. the Vapours ate diffipated, 
and,.do.not.condenfe into Drops, fo as to: form Rain ; otherwife' the natu- 
ral Confequence of the Air’s Rarefaction, © bani idien 3 

4, Way, cateris paribus; the Mercury ftands higheftupon an Eafterly 
or North-Eafterly. Wind ?, H- 7 | a, 

Tus, happens, becaufe: that:in. the 4¢/antick Ocean, on-this fide the 
35th Degree of-North: Latitude, the Wefterly and South- Wefterly eae ; 
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blow almoft always Trade ; fo that whenever here the Wind comes up 


wv at Eaft and North-Eaft, ’tis {ure to be check’d by a contrary Gale, as 


* Ann. 7. 


foon as it reaches the Ocean; wherefore, according to what is made out 
in the fecond Remark, the Air mnft needs be heaped over this Ifland ; 
and confequently the Mercury muft ftand high, as often as thefe Winds 
blow. This holds true in this Country, but is not a general Rule for 
others, where the Winds are under different Circumftances; and he 
himfelf hath fometimes feen the Mercury here as low as 29 Inches 
upon an Eafterly Wind, but then it blew exceeding hard, and fo comes 
to be accounted for by what was obferved upon the third Remark. 

5. Wuy in calm frofty Weather the Mercury generally ftands high? 

Tue Caufe thereof is, that it feldom freezes but when the Winds come 
out of the Northern and North-Eaftern Quarters ; or at leaft, unlefs thofe 
Winds blow at no great diftance off: for the Northern Parts of Germany, 
Denmark, Norway, Sweden, and all that Tract from whence North- — 
Eaftern Winds come, are fubject to almoft continual Froft all the Winter ; 
and thereby the lower Air is very much condenfed, and in that ftate is 
brought hitherwards by thofe Winds, and being accumulated by the Op- 
pofition of the Wefterly Wind blowing in the Ocean, the Mercury muft 
needs be prefled to a more than ordinary Height ; and as a concurring 


Caufe, the fhrinking of the lower Parts of the Air into leffer room by 


Cold, muft needs caufe a Defcent of the upper Parts of the Atmofphere 
to reduce the Cavity made by this Contraction to an AZ quilibrium. - 

6. Wuy, after very great Storms of Wind, when the Mercury has 
been very low, it generally rifes again very faft? | . 

Tus, he tells you, he has frequently obferved, and once found it 
rifen. an Inch and a half in lefs than fix Hours, after a long continued 
Storm of South-Weft Wind. ‘This feems to be occafioned by the fud- 
den Acceffion of new Air to fupply the great Evacuation which fuch con- 
tinued Storms make thereof in thofe Places where they happen, and by 
the Recoil of the Air, after the Force ceafes that impelled it; and the 
Reafon why the Mercury rifes fo faft, is, becaufe the Air being fo much 
rarefied beyond its mean Denfity, the neighbouring Air runs in the more 
{wiftly to bring it to an A®quilibrium ; as we fee Water runs the fafter 
for having great Declivity*. 10, MOH ey 

7. Wuy, in more Northerly Places, the Variations of the Barometer 
are greater than in more Southerly ? 

Tue Truth of the Matter of Fac is proved from Obfervation made at 
Clermont and Paris, compared with others made at Stockholm; as may 
be feen in'the Appendix to Mr. Pa/eal’s Book de!’ Equilibre des Liqueurs. 
The Reafon feems to be, that the more Northerly Parts have ufually 

: I agi , greater 
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greater Storms of Wind than the more Southerly, whereby the Mercury Lect. X. 
fhould fink lower in.that Extreme; and then the Northerly Winds —“v-~“ 
bring the condenfed and ponderous Air from the Neighbourhood of the 
Pole; and that again being check’d by a Southerly Wind, at no great 
Diftance, and fo heaped, muft of neceflity make the Mercury in fuch 
cafe ftand higher on the other Extreme. : 

8. Wuy near the Equinoctial, as at Barbadses and St. Helena, there 
is very little or no variation of the Height of the Barometer? 

Tuis Remark, above all others, confirms the Hypothefis of the va- 
riable: Winds, being the Caufe of thefe Variations of the Height of the 
Mercury; for in the Places above-named, there is always an eafy Gale 
of Wind blowing nearly upon the fame Point, viz. E. N.E. at Barba- 
does, and E. S. E. at St. Helena; fo that there being no contrary Current 
of the Air, to exhauft or accumulate it, the Atmofphere continues much. 
in the fame ftate: However, upon Hurricanes, the moft violent of 
Storms, the Mercury has been obferved very low; but this is but for 
once in two or three Years, and it foon recovers its fettled State of about: 
291 Inches; and there is no doubt but the fame thing is in the Eaft Coatft 
of Africa, and in India, where the Monfoons or Winds are Trade for 
half the Year one way, and half the Year another: only it is probable, 
that there may fomething worth noting happen, about the time of the. 
Change or Shifting of the Winds; which might be obtain’d, if any body 
had the Curiofity to keep the Barometer at our Fa¢tories in India. 

Snowdon Hill in- North Wales was meafured by Mr. Cafwell with 
Mr. Adams’s Inftruments, and found to be 1240 Yards high. . 

Dr. Halley found by three exact Trials, the Mercury in the Barofcope | 
defcended.at its Top three Inches eight Tenths, and fomething more, and 
perhaps four Inches may be near enough Truth; if fo, then divide 1240 
by 4, the Quotient is 310 Yards: fo that any Fall of the Mercury one: 
Inch argues an Afcent of juft 310 Yards in height; but according to. 
Dr. Halley's Account of three and eight ‘Tenths of Inches, he makes 30 
Yards height to anfwer to one Tenth of an Inch Fall: we therefore 
allow juft 30 Yards, for Dr, Halkey thought the Fall of the Mercury 
more than 3 ;%,. Inches. 11% Th 


The following Rules, to judge of the Weather by the Barometer, ufed to 
be given by Mr. John Patrick; in Ship-Court ia the Old-Bailey, the 
~Toricellian Operator; and they were the Refult of bis own long .Expe-- 
_ rience and Objfervation. 


29. Rules and Obfervations on the various rifing and falling of the 
Mercury, to foreknow the Weather by the Barometer. 
| 1. 
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a. Iv hath been obferved, that the Motion of the Mercury doth not 


t—~~— exceed 3 Inches in its rifing or falling, in the Barometer of the common 


* Ann. 8. 


‘Form. 


2. THAT its leaft Alterations are to be minded, in order to the right 

finding the Weather by it. eas 
. Tue rifing of the Mercury prefages, in general, fair Weather; ’ 
and its falling, foul; as Rain, Snow, high Winds, and Storms. 

4. In very hot Weather, the falling of the Mercury forefhews 
‘Fhunder. : 

5. In Winter, the rifing prefages Froft; and in frofty Weather, if the 
Mercury falls three or four Divifions, there will certainly follow a Thaw; 
but in a continued Froft, if the Mercury rifes, it will certainly fhow. 

6. Wuen foul Weather happens foon after the falling of the Mercury, 
expe but little of it; and judge the fame when the Weather proves” 
fair fhortly after the Mercury is rifen. 

7. In foul Weather, when the Mercury rifes much and high, and’ 
{o continues for two or three Days before the’ foul Weather is over, 
then expect a Continuance of fair Weather to follow. 

8. In fair Weather, when the Mercury falls much and low, and 
thus continues for two or three Days before the Rain comes, then ex- 
pect a great deal of Wet, and probably high Winds. 

, Tw unfettled Motion of the Mercury denotes uncertain and 
changeable: Weather. . 

10. You are not fo: ftriétly to mind the Words engraved on the 
Plates, tho’ for the moft part it will agree with them, asthe Mercury’s 
rifing and falling ;. for if it ftands at much Rain, and then rifes up to 
changeable, it’ prefages' fair Weather; altho’ not to continue fo long'as 
it would have done; if the’ Mercury were higher; and fo on the con- 
trary. | "ae 

“ N! B. The Caufe of the 6th, 7th, and 8th of Mr. Patrick’s Ar- 
_ ticles are explain’d in‘the Notes *. , 


AzouT the Year 1710, Monf. Leibnitz advanced:a new Principle to 
explain the Caufe of the Variation of the Barometer, in a* Letter which” 
he wrote to the Abbé Bzgnon; which Monf. Fontenelle, Secretary.of the, 
Royal Academy of Sciences at Paris, illuftrates in the Hiftory of the faid_ 
Academy for the Year-1711. As that Principle is falfe, I made Remarks 
upon it in the Year-17¥g, and as they are fuitable for this Subject, I 
fhall infert them here, having firft quoted Mont. FonteneHe’s Account 
and: In ftration .of: Monf2 Lezbnitz’s. Principles; we 


- Mont. 
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* Monf. Fontenelle’s Paper is as follows: 

30. Ir appears by the Barometer, that when it rains, or a little before 
Rain, the Air commonly becomes lighter. That it muft rain when the 
Air becomes lighter, it is eafy to imagine: for the imperccivable Particles 
of Water, that fwim about in the Air in prodigious quantity, not being 
fufficiently fuftained when the Air has loft a certain Degree of its Weight, 
begin to fall, and feveral of them joining together in the Fall, make 
Drops of Rain. So when about half the Air is drawn out of the Re- 
cipient of the Air-Pump, (and. confequently the remaining Air is as weak 
again as at firft) fomething like a fmall Rain falls. But why fhould the 
Air become lighter? One might imagine that in the Place where it rains, 
it may have loft fome of its Weight and Bulk, by means of the Wind’s 
carrying away fome part of it: but Monf. Lesduztz, in a Letter to the 
Abbot Bignon, gives a more ingenious and more new Reafon for it, 
He pretends that a Body, which 1s in a Liquid, weighs with that Liquid; 
and makes up part of its whole Weight, fo long as it 1s fufiained in tt; 
but if it ceases to be fuftained, and conjfequently falls, its We eight makes 
no longer a part of the Weight of the Liquid, which thereby comes to 
weigh lefs. This may naturally be applied to the abovementioned Par- 
ticles of Water; they increafe the Weight of the Air, when it fuftains 
them, which is diminifhed when it lets them fall: and as it may often 
happen, that the Particles of Water that are higheft, fall a confiderable 
time before they join with thofe that are low, the Gravity of the Air 
diminifhes before it rains, and the Barometer fhews it. ‘This new Prin- 
ciple of Monf. Letbuitz’s is furprifing: For muft not a ftrange Body, 
whether fuftain’d in a Liquid or not, always weigh? Can it gravitate 
upon any other Bottom than that which fuftains the whole Liquor? 
Does that Bottom ceafe to carry a ftrange Body, becaufe it falls? And is 
not that Body all the while it is falling, part of the faid Liquid, as to 
the Weight? At that rate, whilftachymical Precipitation is made, the 
whole Matter ought to weigh lefs, which has never been obferved, and 
{carce appears credible. Notwithftanding thefe Objections the Principle 
holds good, when more clofely examined. What fuftains a heavy Body 
is prefs’d by it. A Table, for example, which fuftainsa Pound Weight 
of Iron, is prefs’d by it, and is fo only becaufe it fuftains the whole Action 
and Effect of the Caufe of Gravity (whatever it be) to pufh that Lump 
of Iron lower. If the Table fhould yield to the AGtion of that Caufe 
of the Weight (or Gravity,) it would not be prefs’d, and therefore would 
carry nothing. After the fame manner the Bottom of a Veffel, which 
contains a Liquid, oppofes itfelf to all the Action of the Caufe of Gravity 

Vou. IL Oo againit 
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Lect. X.° againft the faid Liquid: Ifa ftrange Body fwims in it, the Bottom op- 
v— pofes itfelf alfo to the faid Aétion againft that Body, which, being iz 
equilibrio with the Liquid, is in that refpect really a Part of it. ‘Thus 
the Bottom is prefs’d both by the Liquid and the ftrange Body, and fuf- 
tains them both. But if the Body falls, it yields to the Action of Gravity, 
and confequently the Bottom does no longer fuftain it, till the fame 
Body is come down to the Bottom. Therefore, during the whole time of 
the Fall, the Bottom is eafed of the Weight of that Body, which is no 
jonger fuftained by any thing, but puth’d down by the Caufe of Gravity, 
to which nothing hinders it from yielding. Monfieur Lesbuitz, to con- 
firm this Notion, propofed an Experiment. He fays, that two Bodies 
mutt be tied to the two Ends ofa Thread, the one heavier, and the other 
lighter than Water, yet fuch as both together may {wim in Water: Put 
them into a Tube full of Water, the Tube being tied to one End of the 
Beam of a Balance, whofe other End has a counterpoifing Weight. Then - 
if we cut the Thread which ties the Bodies together, (that are of unequal 
Weight) fo that the heavieft may prefently defcend, he fays, that in 
fuch a cafe the Tube would be no longer 7” equilibrio, but its counter- 
poifing Weight would preponderate, becaufe the Bottom of the Tube 
would be lefs prefs’'d. It is plain, that the Tube mutt be fufficiently long, 
that the falling Body may not reach the Bottom before the Tube has 
Time to rife. In chymical Precipitations, the Veflels are either too hort, 
or what is precipitated falls fometimes too faft, and fometimes too flow ; 
for then the little Bodies are always (as to Senfe) 7 equilibrio with the 
Liquor that contains them. wiih 
Monfieur Ramazzini, the famous Profeffor at Padua, to whom 
Mont. Leibnitz had propofed his Experiment, has made it with fuccefs, 
after fome fruitlefs Trials. Monfieur Reawmur (to whom the Academy 
\ had recommended it) has alfo made it with fuccefs. This is a new 
View in natural Philofophy, which, tho’ it depends upon a well-known 
Principle, is very fubtle and far-fetch’d ; and gives us juft reafon to fear, 

that in Subjeéts that feem to be exhaufted, feveral Things may yet 
efcape us, : 


Remarks upon Monfieur Leibnite’s new Principle. 


Plate 21. Fug. 21. 


Plate 21. 31. Let A B be the Bottom of a Veffel full of any Fluid, whofe 
Fig.21. "Top is either wider than the Bottom, as G H; narrower, as E F, or 
equal to it, as CD, The Preflure of the Fluid upon the Bafe A B will 
be equal to the Weight of C B, or of a Cylinder or Prifm of. the fame 


_ Fluid, 
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Fluid, made up of the Area of the Bafe multiplied into the particular Let. X. 
Height above it. If the Fluid be equally denfe every way as 
Water, or of a Denfity uniformly diminifhed as you go upwards, this 
Propofition, call’d by Mr. Boyle the Hydroftatical Paradox, will hold 
good. This is demonftrated by all Hydroftatical Writers, L.7. N° 16. 


Plate 21. Fig. 22. 

Let EF reprefent part of the Surface of the Earth, and GEFH a Plate 19. 
Pillar of the Atmofphere, whofe Height is G E, the whole Height of "8 2? 
the Air. Let us imagine the Vapours rifing out of the Earth to form 
themfelyes into two Clouds A and B, and to fettle in that Place where 
the Air is of the fame f{pecifick Gravity with themfelves. It is evident 
that they will caufe the Air to rife fo much higher as their Bulk amounts 
to, and will therefore make the Surface, which was at G H, to rife up 
to 1K, fo that the Bottom E F, which was prefs’d by a Pillar of Air, 
as GE F H, is now prefs’d by an higher Pillar I EF K. Now if the 
Clouds A, B, by any Caufe foever, change their place, fo as to come 
_ downwards, (for Example, to C, D) the Height of the Pillar I EF K 
will remain the fame as it was, and therefore the Bottom E F will be 
prefs’d as before, by the foregoing Propofition, 


CoROLLARY I. 
Ir the Clouds A, B defcend, and.in their Defcent keep the fame Bulk 
as they had before, the Surface I K will remain the fame, and _ therefore 
EF will be prefs’d as before. 


CoROLLARY 2. 
WHETHER A@ Body be fpecifically lighter, or fpecifically heavier than 
a Fluid ; fo long as it is detained in it, it will add tothe Fluid as much 
Weight as the Weight of an equal Bulk of that Fluid * : Wherefore a* L.8. 
Body does not lofe all that Weight which it added to the whole Weight 
_of the Fluid, when it ceafes to be fuftained in the faid Fluid: contrary to 
~Monf. Lezbnitz’s Principle. ‘ 


SCHOLIUM. 

Ir a Cloud, by any Caufe whatfoever, becomes {pecifically heavier 
than that Part of the Air in which it fwims, the Excefs of its Gravity 
above an equal Bulk of Air will make it defcend, and accelerate its Mo- 
tion downward ; and then indeed it will lofe of its Weight by the Refif- 
tance of the Medium, tillit comes to an uniform (or fenfibly uniform) 
Motion ; but all the Weight that it will lofe will only be the Excefs of 

| Oo 2 its 
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Lett. X. its Gravity above that of the Air: for with the reft of its Weight it will 


ee ftill make op Part of the Weight of the Air *. 


Page 185, & on 

feq. : I Experiment 8. Plate 21. Fig. 23. ; 

Fite 1g. Havinc with a Weight in the Scale C of the Balance A B counter- 
ig. 23. 


poifed the long Glafs of Water EJ, with a Horfe-hair, I let down the 

leaden Weight W into the Water, which from E G arofe up to EH; 

and therefore the Water became heavier by the Weight of the Bulk of 

#£.9. Nex. Water equal to the Lead *. Having with another Weight in C made 

Page 185, &aap the Counterpoife to the whole, with fine Sciffars I cut the Thread of 

oi the Plummet ; and all the while the Plummet was falling, the Water 

defcended rather than rofe ; and when the Lead was at the Bottom, ‘the 

- ‘Water overpoifed, becaufe it had then added to it all the Excefs of Weight 

of the Lead above an equal Bulk of Water, which by Experiment is about 

*L.g, N°1.£2 of its Weight *. Had Meflieurs Reaumur and Remazzim try’d the 

Experiment thus, the Succefs had been the fame; but Monf, Ramazzim 

(as 1 underftood from a Gentleman who was prefent) tried it in the fol- 
lowing manner, as I have fince done. 


Experiment 9. fig. 24. 
Plate 19. Maxine ufe of the above-mentioned Machine, after I had balanced 
Fig. 24. the Water and Lead in it, I fixedto the End of the Beam B the Thread 
of the Plummet, which in the former Experiment I held in» my Hand. 
This added to the Weight hanging at B, and oblig’d me to put into the 
other Scale a Weight equal to +2 of the Lead, to recover the Aiguil- 
brium. “Then cutting the Thread or Hair, the Scale with the Weights 
overpois’d whilft the Lead was falling; but the Aigusitbrium was reftored 
wwhen it came tothe Bottom. $o thatthe Lead even then muft have loft 
‘only’ its Excefs of Weight above Water. | 


| ‘A EXPERIMENT 10, Fig. 25. 
Plate 19. I rraiep the way propofed by Monf. Lerénitz in the following man- 
Fig.25- ner, I took a Cork C weighing an Ounce, and fomething more than 
four times lighter than an equal Bulk of Water, and a Bull of Antimony 
W about four times fpecifically heavier than Water, and of four Ounces: 
Weight, ‘The Cork laid upon the Water in the Veflel EA B D raifed 
the Water from $'Sto'G G, and added an Ounce to the Weight of the — 
#19. Ner,whole Water*, Then fufpending the Ball of Antimony by a String, 
and letting it hang in the Water at N, it raifed the Water from G G to 
*L. 9. Nord Hy, and fo added another Ounce to the Weight of the Water*. “Then 
"tying the Antimony to the Cork, (fee the Figure of the Vefiel mark’d 
| | with ° 
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with little Letters) the Cork had added ‘to it three Quarters of the Weight Lea. X, 
of the Antimony, which the Hand before had fuftained, and madeit fink > 
foas to be almoft covered, and raifed the Water toz 2, adding three Ounces Fig. ; Ee 
tg its Weight *. Hanging this Veffel of Water upon the Balance, and a* L. 9. Ne. 
Counterpoife at the other End, upon cutting the String the Veffel of Wa- 
ter was rais’d up, and the A¢quilibrium: was not reftored till the Antimony 
came to the Bottom. | 

By obferving that as the Cork, being freed from the Weight of the An- 
timony, arofe, and that during the Fall of the Body, the Water funk to 
2 b, it appears that this is, in effet, the fame Experiment as the former, 
and concludes no more. As to the real Caufe of the Variation of the Ba- 
rometer; namely, the Accumulation of Air by Winds over the Place 
where the Barometer rifes; and Part of the Air being blown away where 
the Mercury in the Barometer finks, fee Dr. Aa/ley’s Account of it in 
the Phil. Tranfaétions, Numb. 181. andthe Account of it here, Page 
278, & seq. 

| PosTSCRIPT. 

In making the firft Experiment before the Royal Society, of a Piece 
of Lead fufpended by a Thread, whilft it was wholly covered with Wa- 
ter in the large Tube in which it hung, (whofe Length was four Feet) 
it was obfervable, \not only that the End of the Balance (to which the 
Tube of Water with the Lead in it -was fixed) did not rife when the 
Thread was cut, (to let the Lead fall from the Top to the Bottom of the 
Tube) as it muft have done according to Mr. Lerbnitz’s Principle ; but 
that the fame End of the Balance began to defcend from the Time that. 
the Lead began to fall, Therefore, to be fure that it was not the Plum- 
met’s rubbing againftthe Sides of the Tube in its Fall, which caufed that. 
Phznomenon, Ithung to the Balance a long Glafs of three Inches Dia- 
meter inftead of the Tube, and making the Experiment as before, ‘it fic- 
ceeded in the fame manner; the End of the Balance which carried the 
Veffel of Water, funk as foon as the Thread of the Plummet ‘was cut ; 
-tho’ this Glafs was not above half fo long as the ‘Tube. 

Wuew by holding the String I drew the Lead upwards and down- 
owardsin the Water, there was nofenfible Alteration of the Equilibrium. , 
‘Neither wasit altered by cutting the String of'a ‘Stone Plummet, becaufe 

of the Shortnefs of the Glafs, and the little Excefs of {pecifick “Gravity in 
the Stone: forthe greater the Difference is betwixt the Body made ufe of 
in this Experiment and Water, as well as the bigger the Body itfelf ts, 
the better the Experiment will fucceed. : 
_ Hence it appears, that when a Body {pecifically heavier than a Fluid, 
is, by what Caufe foever, detained in any Place of the faid Fluid, it adds 
as 
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as much to the Weight of the whole Fluid as an equal Bulk of the fame 
Fluid-amounts to *: And when the {aid Body, by the Aétion of its Excefs 


Page 18 ‘. «, of {pecifick Gravity above the Fluid, defcends with an accelerated Motion ; 


feq. 


fo long asthat Motion is accelerated, the Refiftance of the Fluid (which 
is as the Square of the Velocity) takes otf fomething of the Weight of the 


* Lg. N°1: Body 5; but as much as the Body lofes, fo much the Water gains *, over 


and above what was given it by its rifing on account of the immerfed 
Body. 

A Body therefore that falls ina Fluid, is fo far from making the 
Fluid lighter as it falls, that it makes it pre/i more upon the Bottom that 
fujtains it, when it is falling, than when it was at reftin the Fluid. Vf . 


-the Veficl of Water be long enough for the falling Body to come to an 


“ing. N° §, 


uniform Motion before it reaches the Bottom, the Force imprefs’d on 
the Water under the Body will make it prefs the Bottom as much as if 
the Body were actually at Bottom ; the Body in that cafe lofing all its 
Excefs of Gravity above that of the Water, and the Water gaining it *\— 
Hence it follows, that a falling Cloud, when it comes to an uniform 
Motion, will not only addto the Weight of the Air ‘as much as the 
Weight of an equal Bulk of Air; but even as much as its whole Weight 
amounts to, tho’ it be {pecifically heavier than the Air about it, 

Av. the Diminution of Weight that can be allow’d in this cafe is this. 
If we imagine the Air to have.a {mooth, regular Surface, as we have at 


Afirft fuppofed, (or if that be notallow'd, we may take any imaginary Sur- 


face of it, above the Clouds) when a falling Cloud is diminifhed inBulk, 
(as when it is changed into Rain) the Surface of the Air will fubfide in 
proportion to that Diminution, and therefore will weigh lefs, by fo 
much as is the Weight ofa Quantity of Air equal to the Bulk that Cloud 
has loft: But when the Drops of Rain after their Aceeleration (occafion’d 


_by their Excefs of Gravity above that of the Air) are come to an uniform 


Motion of the Refiftance of the Air, they reftore to-the Air the Weight 
that it had loft. _ Now this uniform Motion being acquir’d in about two 
Seconds of Time, and the Diminution of Gravity in the Air being infen- 
fible, when compar’d to near three Inches of Mercury, (for fuch is the 
Variation of the Barometer with us) can no way be the Occafion of thofe 


- fo fenfible Alterations in it, which happen fome time before Rain or fair 


* Ann. g. - 


Weather. st te 
App to this, that the whole Quantity of Rain that falls in England 

and France, in the fpace of one Year, {carce ever equals two Inches of 

Mercury ; and in moft Places between the Tropicks, the Rain falls at 


‘certain Seafons in very great Quantities, and yet the Barometer fhews 
there very little or no Alteration *, 


32. 
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32. Tue Experiments that have been made to meafure the Height 
of Hills with the Barometer, are much lefs tobe depended upon than 
one would imagine; for fome Philofophers ufed to fill the Tube, and in- 
vert it into its Bafon at the Bottom of the Hill, to fee how high the Mer- 
cury ftood there: then they emptied the Tube, to carry the Inftrument 
to the Height where they made the next Experiment, where they fill’d 
the Tube a-new, and obferv’d the Height of the Mercury in the Tube. 
But, let them take what Care they could, they could not purge the Tube 
and Mercury of Air, as it ought to be, which would make the Mercury 
ftand lower than it ought to do: and therefore the Confequences drawn 
from fuch Experiments muft be wrong, efpecially when we confider 
how difficult it is to fill a Barometer well, as we have fhewn. It is only 
» fince the portable Barometer has been invented that Experiments to mea- 
fure Heights may be relied on; and fince they muft be made with fuch a 
Barometer, it was not improper to give its Defcription here, and to fhew 
how it ought to be made, in order to be perfect in its kind. 


A Defeription of the portable Barometer. Plate21. Fig. 19. 
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oL K pis a wooden Box open at Bottom at o p, that when it is in- Plate 21. 
verted it may flide on, and be fix’d to the lower Part of the Frame of Be a 


the whole Machine, whofe Bottom o f H is only reprefented in this Fi- 


gure, where we have put the Letters out of the Scheme to avoid Confu- 


fion, with Lines conducted to them from the Parts they refer to. A 


and B point to the Cavity of the Box, which is conick at top, but cylin- . 


‘drick in the middle Part. Below that cylindrick Cavity there is another 
cylindrick Cavity fo much wider than the firft, that the Ring N (whofe 
inner Cavity is juft equal to the Cylinder B) may juft fit into it fo as to 
prefs againft its Sides a Piece of {oft Sheep’s Leather, which makesa Dia- 
phragm at C, where it can rife and fall convex, or concave, whilft its 
outward Part is glew’d to the End of the Ring above-mentioned, and 
faften’d to the Box by that means. Now before this Diaphragm be glued 
in, the Box muft be turn’d up, and the Tube K I hermetically feal’d at 
I muft be put thro’ the Hole K, till its open End is about the middle of 
‘the Box, and then it muft be cemented very tight from the conick Part 
to K. When the Cement is dry, and the Peg of Wood L going from 
the external to the internal Part of the Box, is twifted in faft; the ‘Tube 
‘mutt be well clean’d, and the Mercury pour’d into it after Profeffor 
Mufchenbroek’s manner, till it is quite full. | Then the whole Box and 
‘Cylinder is to be fill’d with Mercury up to the Place where the cylindrick 
“Cavity is wider, but no higher. Next is to be put on the Leathern Dia- 
| I phragm, 
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Lea. X. phragm, which isto be pafted, glued, or gumm’d for about half an Inch 


Plate 21. 
Fig. 19. 


round its Edge, fo as to flick to the Box as well as to the Ring N above- 
mentioned, thruft on after it at E. This being done, join the Bottom 
of the Frame of the Machine to the Box, by turning it upfide down, 
and fliding i into the Mouth of the Box, having firft prepar’d it in the, 
following manner: To a Brafs Button H_ is faften’d a thick Brafs Wire, 
having a triple Male Screw towards its Top, with a Plate of about an 
Inch in Diameter and , of an Inch in Thicknefs, riveted to its Top in 
order to prefs occafionally againft the Leathern Diaphragm, and, from 
its being concave, of convex downwards, to lift it with all the Mercury 
upon it, and make it convex upwards. A Brafs Plate G faften’d to the 
Wood has a fenale Screw in it to guide the Wire in its rifing to pufh 
up its Plate. ‘The whole Machine then is to be made faft together, and 
to the reft of the Frame, and fet upright. ‘Then the Mercury will fall to 
M the true Height of the Mercury in the Barometer (fuppofing the Plate 
M fo fix’d, that from the Bottom of it to the Surface of the Mercury in 
the Box the Diftance be 28 Inches, and the Diameter of the Box be fo 
much larger than that of the Tube, that a. Fall of 3 Inches in the Tube 
will not fenfibly raife the Mercury in the Box, and the Bore of the Tube 
it felf muft be fo large, that the Attraction of Cohefion does not hinder 
the free Motion of the Mercury). In this cafe the external Air preffing 
upwards pufhes againft the Leather and Quickfilver in the Box, whilft 
the fhort Columns of Air prefling by their Spring on the Surface of the 
ftagnant Mercury, and the Column of Mercury in the Tube, make a 
Counterbalance to this Preflure, and vary with it, When you wou’d 
carry this Barometer from Place to Place, to make Experiments at. diffe- 
rent Heights and Diftances, you muft turn the Button H, by it to fcrew 
up the Plate F, which will drive up the Mercury fo as to fill up not 
only the Tube quite to the Top, but alfo the Cavity A and the whole 
Box, which was empty before. Then the Mercury being as one folid 
Cone, having no Jerks againft the Top of the Glafs, the Barometer is very 
fafely carried. ‘Then turning back the Screw, the leathern Diaphragm is 
let down and the Mercury with it, fo that it falls to its true Height in 
the Tube; becaufe the Air will pafs freely thro’ the Wood of the Box, 
moft Wood being pervious to Air; but fometimes when Wood is var- 
nifh’d, it checks the Air a little in its Paffage, and I have feen a Deficiency 
of a 10th or 4, of an Inch in the Height of the Mercury: therefore to 
prevent any fuch Accident, it is expedient to have a Peg of Wood to go 
thro” the Box at L, whereby you open a way into the Box when you 


{et up the Barometer by way of Experiment, where it is eafy to fet it per- 


pendicular ; 
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pendicular $) becaufe then the Mercury will be loweit, The 20th Figure Le&. X. 
reprefents the portable Barometer, with a Thermometer join’d to it. ee wa 


Tue THERMOMETER is an Inftrument contriv’d for meafuring the 
Degrees of Heat in Bodies, efpecially the Heat or Cold of the Weather ; 
for which Reafon it was call’d the Weather-Glafs, before the Barometer 
was invented, and the Weight of the Air was known. Its Invention is 
attributed to feveral Perfons by different Authors, vzz. Sancforzo, Galileo, 
Father Paul, and Dredbel ; but at firft it was very imperfect, being made 
of Air, whofe Property of expanding by Heat and condenfing by Cold was 
Known, tho’ its Weight and Preffure (which caufed their Obfervations to 
be falfe) ‘they were ignorant of. 


¥ | Experiment 11. Plate 22. Fig. 3. | 

T Ax a Glafs Tube about two Foot long open at one End d, having 5.2? 

at its other End a Ballas B; then having warm’d the Ball B, fomething * ~ 

more than the Heat of a warm Summer Sun, plunge the open End d of 

the Tube into. fome colour’d Liquor (Spirit of Wine ting’d with Cochi- 

neal is good, becaufe it won’t eafily freeze), in a Veflel Ce, and’ the Ini- 

quor will rife up into the Tube to a certain Height ;. for Example, to SS. 

This is the old Weather-Glafs or Air-Thermometer, As the Air in the 

Ball will condenfe it felf, and take up lefs room, when the Weather: 

grows colder, the Liquor in the Tube will rife up towards W W, in pro- 

portion to the diminith’d Space of the Air. If the Weather grows hotter, 

the Air will expand it felf and: pufh.down the Liquor towards d. ‘This 

rifing and falling of the Liquor was the means whereby People judged 

of the Alterations of the Weather, fuppofing it to be colder in proportion. 

to.the rifing of the Liquor in the Tube, and hotter in proportion to its 

Fall, Sometimes the Tube was recurv’d and without a Ciftern of Li- 

quor, which was contain’d in the Bottom of the Ball and Part of the i 

Tube; and ‘in this cafe the Rife of the Liquor would fhew hot Weather, 

and its Fall, cold. But when the Preffure of the Atmofphere, and the 

Variation of that Preffure came to be known, it appear’d that this Ther- 

mometer being affected. by this various Preflure could not truly fhew the 

Degrees of Heat and Cold. In Winter, for example, the Liquor would: 

rife and fink too much; and.in Summer too little, as we will here fhew. 

Suppofe the Liquor at WW, and that there comes a Froft, the Air will. 

be condens’d fo as to retire from WW. to ww: now asthe Air is hea- 

vier in frofty Weather, its Preffure on the Liquor in the V effel Ce will 

be increas’d fo as to raife the Liquor:a little higher in the Tube, and. 

thereby make the Air recede to A where the Liquor will go, and there- 
Vox. II. P p- by. 
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Lect: K. by thew a Degree of Cold greater than it really is. On the other hand, 
7 /if the Weather grows warm, asit does in rainy Weathcr in Winter, the 
Pease ,, Liquor being fuppos'd to ftand at ww; the Air of the Ball, by its Ex- 
panfion, will puth it down to W W ; but as the Weight of the Atmo- 
{phere is le{s in foul Weather, the Liquor in the Veflel Cc will be lefs 
prefs'd. than it was, and not puth up the Liquor in the Tube fo ftrongly, 
which Liguor defcending on, that account will fall to ¢, allowing the 
- Air to expand it felf fo far, and fhew a greater Degree of Warmth than 
that of the ambient Air. “The Reverfe of this will happen in Summer. 
For if you fuppofe the Liquor to {tand at SS, when the Weather QTOWS, 
hot, the Air will expand it felf, for example, to ss, to which Place it 
will puth the Liquor in the Tube; but as warm Weather in Summer is 
fair Weather, the Atmofphere is then heavier than ufual, and’ by its 
greater Preflure on the ftagnant Liquor, it will raife the Liquor in the 
‘Tube up to E, by this accidental Preflure changing the Expanfion of the 
Air, and fhewing the Increafe of Heat to be lefs than it really is. As in 
Summer the Weather grows cold in rainy Weather ; let us fuppofe at that 
time the Air to be condens’d by Cold, and retiring to allow the Liquor to 
rife from ss to SS: the Weight of the Atmofphere, now that it is rainy 
(or foul Weather) will be diminifh’d) and confequently not pufh up the 
Liquor fo high in the Tube as it did before ; fo that it will only go up to 
D, to which Place the Air lefs comprefs’d will expand, and fhew the 
Cold to be lefS than it really is, For this Reafon the Thermometers of 

Fig. 1.and Fig. 2. have been difufed. : 
Tue Gentlemen of the Academia del Cimento, by the Encouragement 
and under the ProteCtion of Ferdinand the Second, Great Duke of Tu/cany, 
were the firft Improvers of the Thermometer. “They did no longer make 
ufe of Air; but made their Thermometers with Spirit of Wine enclos’d 
in Glafs Tubes, and thofe hermetically feal’d. So that they could fuffer 
nothing by the Evaporation of Liquor, or the various Gravity of the in- 
cumbent Atmofphere. And Thermometers made in this way were firft 
introdue’d into England by Mr. Boyle, and came immediately to be of 
univerfal Ufe among the Virtwof in all the feveral Countries, where- 
Plate 22. ever polite Learning and Philofophy were cultivated. See Plate 22. 
lig 3 Fig. 3. But there was not fo much Ufe made of thofe Inftruments as 
they were capable of. We have plenty of Obfervations made with parti- 
cular Thermometers at different Times and Places. But then thefe were 
not conftru€ted by any fix’d Scale or Standard: Even the Florentine 
Weather-Glaffes themfelves, whofe higheft Term was adjufted to the 
oreateft Sun-fhine Heats of that Country, were too vague and indeter-. 
min’d, And in other Places every Workman made ’em according to his 
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own way and fancy; without adjufting his Numbers to any known or Led. X. 
determin’d Degrees of Heat. And fo they cou’d not be compar’d one “WY 
with another; nor cou’d the Obfervations made by different Perfons, 

and in different Parts of the World, be collated with any degree of 
Certainty or Juftnefs. By which means, notwithftanding all the very 
numerous Regifters of the Weather, that have been kept and publith’d 

by different Authors, we are ftill at a lofs to determine the comparative 
Differences of Heat and Cold in different Countries and Climates, and the 
Refult of many other Obfervations. 

Hap all the Weather-Glaffes in the world been made after one de- 
termin’d Scale, thefe Inconveniences and Uncertainties wou’d have been 
prevented ; which are now unavoidable, and mutt {till continue fo, until 
every body agrees to graduate their Thermometers in the fame way, or 
at leaft determine fome fix’d and unalterable Points of Heat, to which all 
the different Scales of thofe Inftruments may be reduc’d. 

THE way of making the Spirit-of-Wine Thermometer (Fig. 3.) is as Plate 
follows. Take a {mall Tube A B, as truly cylindrick as you can get one, *'> 3 
which you may try thus: having put into one End of the Tube as much 
Mercury as will fill the Length of one Inch, make that Quantity of 
Mercuty go from one Part of the’Tube to another, till it has run the whole 
Length of the Tube, meafuring with your Compaffes whether it main- 
tains its Length of an Inch in every Part of the Tube, (for it will be longer 
where the Tube is {maller, ‘and fhorter than an Inch where the Tube is 
larger ;) and if it does, you may be fure it is cylindrick, and a Scale of equal 
Divifions will agree with it; (otherwife the Divifions muft be fuited ‘to 
the Contents of the Bore) then join a Glafs Ball to the Tube, and make 
a {mall Cavity as A at the other end. Fill your Thermometer with 
Spirits to the due Height, which you may do by inverting your Tube 
into a Veffel of ftagnant colour’d Spirit under a Receiver of the Air-Pump, 
or many other ways; and let us fuppofe the Spirit to ftand, for Example, 
at MM. With a Lamp heat the little Bubble A red-hot, and feal it 
hermetically, and it will leave in the Thermometer only the third Part 
of the Air that was in it, which will be fufficient to give room to the Di- 
latation of the Spirit: and fo much Air is proper to be left in, as I found 
by an Experiment, which was this. From the Top of an Air-Pump 
Receiver [ brought down a crooked Brafs-Pipe, to which I cemented the 
Tube of a Thermometer fill’d with Spirit of Wine to its due Height, and 
having pump’d out the Air from the Thermometer as well as the Re- 
ceiver, with the Flame of a Lamp I feal’d the Tube of the Thermo- 
meter hermetically about 3 Inches from the Place where it was join’d to 
the Brafs-Pipe. I alfo took another Thermometer fill’d with Spirits to its 
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4 
Ect. Xs proper Height, and by the Lamp drew the End of the Tube into a 
iy capillary Tube about an Inch long. Then putting the Ball of the Ther- 
mometer into warm Water, I rais’d the Spirit quite up into the capillary 
Tube within half an Inch of the End of it, and hermetically feal’d the 
capillary Tube with the Lamp. Then letting the Liquor fall away from 
the capillary ‘Tube to its proper Diftance, I mended the fealing of the 
Tube by. melting away the capillary Tube, 1 thought then I had two| 
"Thermometers better than ordinary, becaufe they, had no Air in them to 
act againtt the Spirit; but then the Liquor parted in two or three Places, 
and cou’d not be kept together : for, the Air left in the, Spirit, even after 
the Air-Pump had been applied, by its Expanfion divided the Spirit. So 
that I found: it, neceffary to have a dittle rarified Air in the “Thermometer 
at the end oppofite to the Ball; but indeed fo rare as.,not.to become. {0 
denfe as the common Air, when by the rifing of the, Liquor it has re- 
ceeded into the little Ball A,. Fz. 3. si abd ) | 
Ir two Thermometers are fill’d with different Spirits, they cannot be 
adjufted to correfpond by comparing together their Scales 5. for Example, 
let us call them A and B; If you find that A rifes 4. Divifions, when B 
rifes but. 3 5, you muft not expect that when A rifes 8,12, 0r 10 Divifions, 

B. fhall juft rife 6, 9; or 12, Divifions ; becaufe the Spirit will not-dilatein — 
one, in the fame proportion that it does in: the other ; fo that unlefs you 
made the Liquor go its whole range in each of them, and. new. mark 
one at every Degree of the other, they will not. be brought to correfpond. 
Mr.. De Reaumur. being:aware of this, in a very ingenious way attempted 
to eftablitha general Conftruction of fuch Thermometers, which might 
be copied at.all Times, and: in all Countries ;, and. fo.to fettle, as it were, 
a general Correfpondence of Obfervations that fhould be made by fuch, In- 
ftruments, . He took a large Ball and Tube, and knowing well the Con- 
tents of the Ball as that of the Tube in every, part, be graduated the 
Tube, fo that the Space from one Divifion to another might contain. a 
thoufandth Part of the Liquor, which Liquor would contain 1000 Parts, 
when it ftood at the freezing Point: then putting the Ball of his ‘Fhermo+ 
meter and Part of the Tube into boiling Water, he obfery’d whether it 
rofe 80 Divifions, which, if it exceeded, he chang’d, his Liquor and ad- 
ding Water to it lower’d it fo, that on the next Trial from: the freezing 
Point to the Point of boiling Water it. fhould only rife 80 Divilions: But 
if the Liquor being too low fell hort of 80 Divifions, he raifed-it by adding 
rectified Spirit to it. The Liquor thus prepared fitted his purpofe, and 
would ferve for making a Thermometer of any fize, whofe Scale would 
agree with his Standard. Such Liquor or Spirits being of about the 
Strength of Brandy may, be eafily had any where, or be made-of a. proper 
Degree 
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Degree of Denfity by raifing or lowering it. The ingenious Abbé Nolet, Lied. X- 
who is a very curious Operator, and now gives Courfes of Experimental oni dead 
Philofophy in Paris with great SuccefS, has made a great many Thermo- 
meters upon Mr, De Reaumur’s Principle, and {till makes to fupply thofe 
that would make uniform Obfervations *. * Ann. 10. 
-33.,LHe late Dr. George Martine, whom I thall have occafion to quote 
by and by, finds fomeFaults with thisThermometer ; one of which is, that 
the Ball or Bulb of the Thermometer being large, is not heated or cool’d 
foon enough to. thew the quick Variations of the Weather. And indeed 
it. is a Fault to be found with all Thermometers that have Balls to hold 
their Liquor ; a Cylinder being much better, whatever Liquor is ufed ; 
except where great Degrees of Heat are meafur’d, as in Sir L/aac New- 
ton’s. Lanfeed-Oil Thermometer. For tho’ moft Spirit Thermometers 
have the Degree of the Heat of boiling Water _mark’d upon them, and 
as one of their Boundaries; yet the Heat of boiling Water is always 
greater. than that of boiling Spirits, and therefore they are unfit to mea- 
fure that Degree of Heat.. But Linfeed Oil is capable of fuftaining much 
greater Degrees of Heat; for it will beara greater Heat than what will 
melt Lead. without firing or having the Glafs Ball of the Thermometer 
melted. Whereas Water is only capable of a certain Degree of Heat, 
much lower, at which it will evaporate ; but this is only when Water 
boils in open Veflels +. + Ann. tr. 


_ 34. Bur asI mention Sir I/aacNewton’s Thermometer, I think it will 
not be improper to give an account of the manner of making it, as I made 
three of them once by Sir I/zac’s Direétion. I took a Tube of half an Inch 
Bore 3 Foot long, with a Ball of two Inches Diameter at one end of it, 
and to the Tube pafted a Lift of Paper in order to mark a Scale upon it. 
Then with a Meafure containing 4 of a cylindrick Inch, I firft fill’d-the 
Ball with Quickfilver, which contain’d 21 of thofe: Meafures; then at 
every, Meafure of Mercury pour’d into the Tube I madé a Mark upon 
the Paper to form the Scales, finding thofe Marks commonly about an 
Inch from one another, but alittle farther afunder where the Bore of the 
Tube was natrowelt, and a lefs Diftance than an Inch where the Bore 
was bigger, and for greater Exattne/s tubdivided all: thefe Divifions. of the 
Scale into Decimals. Then the Mercury being well,taken out of this 
Thermometer, Linfeed>Oil was pour’d into it up to the 10th or 12th 
Divifion on the Scale of the Tube, and prepar’d in the following manner. 
A Crucible full of Sand, being fet upon the Fire, and the Ball of the Thermo- 
meter put into the Crucible fo as to. be quite cover’d with the Sand, firft 

upon 
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upon the Increafe of Heat the Oil got up almoft to the top of the Tube, 
and then it {putter’d and threw up white Fumes, whereby it parted with 
its Phlegm by degrees and purified the Oil; ‘but when the white Fumes 
were rifen above the Oil, and not-out of the Tube, they wou’d fometimes 
{tick to the Side of the Tube,where they wou'd be condens’d into Water, 
and run down the Tube till they came to the Ball, where by the great 
Heat they would make an Explofion and be thot up to the top of the 
Tube. In that cafe I catch’d thefe white Fumes upon Cotton faftned to 
a {mall Stick to carry it down almoft to the Oil, which by this means 
foon ceas’d to fputter and fend out Fumes, which fhew’d’ that it was 
purg’d of all Moifture. Thus was the ‘Thermometer prepar’d for Ufe ; 
but in making this Operation the lower Part of the Paper-Scalé was burnt 
off of the Glafs as far as the 7th Divifion. We tried this Thermometer 
upon the following Subftances, and in the following manner.  Befides a 
Veftel of Water, we had upon the Fire four Crucibles, with thefé Sub- 
{tances in them, a Mixture of Lead, Tin, and Tin-glafs (or Bifmuth) in 
the firft: in the next, a Mixture of equal Parts of Lead and ‘Tin: in the 
third, Tin: and in the fourth, Lead. When we begun, our Linfeed2Oil 
Thermometer ftood at its 7th Degree, whilft the Spirit in one of Patrick's 
Thermometers ftood at the Mark of Temperate. ‘Then we plung’d the 
Ball of our Thermometer into the Water on the Fire, where it rofe bes 
yond g, when the Water juft began to boil, but got up to 11 when the 
Water boil’d very much ; higher than which it did not rife, tho’the Water 
was fo heated as to boil away and evaporate very faft. Then was the 
Thermometer remov’d into its Crucible of Sand to’ be madé hotter, and 
the Crucible containing the Mixture of Lead, Tin, and Tin-glafs, was 
taken off the Fire and fet upon the Ground. We took the Thermometer 
out of its Sand Crucible, and thruft its Ball into the Mixture and took it 
out again immediately, and this for feveral times till the Mixture in coolz 
ing made a Skin about the Ball of the Thermometer; and this we call’d 
the Degree of Heat capable of melting the Mixture. When this hap- 
pen’d, the Oil which was at 20 when we took the Thermometer out of 
the-Crucible of Sand, and at 15 when cover’d with the Mixture, was 
come down to 124. Then the Crucible of Lead and Tin mix’d was 
taken off the Fire, and the Thermometer (new warm’d in its Sand to 
fecure it) was at 24 when put into this Mixture; but fell to 15 when it 
begun to fet, as the Skin it made on the Ball of the Thermometer fhew’d, 
The Crucible of Tin taken off at firft rais’d the Oil of the Thermometer 
to 355 but did not begin to fet till 25, the proper Heat for melting 
Tin, Melted Lead at firft receiving the Thermometer, rais’d the Oil to 
455 but began to make a Skin on the Ball, when the Oil was fallen to 39, 

Care 
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Care muft be taken that the Heat of the Thermometer be not a great Lect. X. 
deal greater than that of the Subftances in which you put it, otherwife —“V—~ 
it will break, as I proved it with one of thefe Thermometers, which 
broke to pieces, when I took it out of melted Lead and plunged it into 
boiling Water. With this Caution there is no need of guarding the 
Ball of the Thermometer with Clay, as Sir J/aac told me he had done. 

He alfo told me, that his moft general Linfeed-Oil Thermometer,. for 
lower Degrees of Heat, began at the freezing Point, and that the Diftance 
between that and boiling Water made 34 of his Divifions. 


35. Or late years Quickfilver has been made ufe of for Thermome- 
ters, and they are found to be the moft ufeful of any; becaufe they 
will bear fuch Degrees of Heat or Cold as will burft Spirit Thermome- 

ters, or freeze the Liquor in them. This laft Inconveniency happen’d 

to the French Philofophers who went to the North Polar Circle to ex- 
amine into the Figure of the Earth; for the Spirit in their Thermome- 
ters was frozen: but their Mercurial ones were as ufeful as any where 
elfe. Farenheit of Amfterdam may be look’d upon as the Inventor of 
this Thermometer; and tho’ Prims and fome others, both in England, 
Holland, France, and other Countries, have made this Inftrument as well 
as Farenheit; fince Dr. Boerhaave ufed only that Thermometer, and 
moft Quickfilver Thermometers are graduated according to his Scale, 
we may {till call them Farenbeiz’s Thermometers. 


36. THERE are three forts of Quickfilver Thermometers. The frft 
or leaft fort, Plate 22. Fig. 4. have the Bulb in the Form of an Olive, Plate 22. 
with a Scale about the Tube or Paper which is faften’d to the Inftru-¥'8: 4 5- 
ment, and the whole fhut up with Air in a Glafs Tube hermetically 
feal’d. ‘This being very portable is very ufeful, and may be put into the 
Mouth, or applied to any Part of the Human Body; and from below 
the freezing Point fhews a Degree of Heat beyond the Blood of Animals : 
See Fig. 4. The fecond fort, Fig. 5. has its Bulb cylindrick, and reaches 
from 0, which is 32 Degrees below the freezing Point, to 112 Degrees; 
which is below boiling Water. I have feen of thefe fort of Thermo- 
meters fo well made, and fo well purged of Air, that when you invert 
them, the Mercury will run down and ftrike againft the fmall End of 
the Tube, from whence it will return without parting, when you fet 
the Tube upright again. This is fix’d to a metalline Scale, as alfo the 
third fort, which is carried beyond 212 Degrees the Point of boiling 
Water, going quite to 600 Degrees. See Fig. 6. re 22. 
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37. 'To thew how much a cylindrick Bulb in Thermometers is pre- 
ferable to a {pherical one, take two Thermometers, fill’d with the fame 
Spirit and graduated with the fame Scale, and plunge them both at the 
fame time in warm Water, and you'll find that the Liquor in the Ther- 
mometer with the fpherical Bulb will at firft fall, as from MM to H, and 
afterwards rifeupto C, and fo on; whereas the other Fig. 5. will not 
fenfibly fall below D before it rifes. ‘The Caufé is this; the warm Wa- 
ter expanding the Ball B, the Liquor “having more room muft defcend, 
till being heated (which takes up. time enough to make it obfery’d); it — 
rifes: whereas the Liquor in the Cylinder of the other Thermometer heat- 
ing immediately, hinders us from obferving its Fall, on account of the 
fwelling of the Cylinder C, which muft certainly happen. 


38. THosr that wou’d know more upon this Subject muft confult 
the late Dr. George Martine’s Effays, Medical and Philofophical, printed 
at. London for A. Millar 1740. Where he will with great Satisfaction 
read the four laft Effays, which treat of Lhe Conftrudtion and Gra-. 
duation of Thermometers. Effay.3. The Comparifon of different Thermo- 
meters, Effay 4.. The Heating and Cooling of Bodies. Efflay 5. And 
The various Degrees of Heat in Bodies. Effay 6. In order to. render 
ufeful the feveral Regifters of the Weather, made by Obfervations taken 
with different Thermometers, I have taken from his 4th Article the — 
Table by which he compared 15 different Thermometers, (See Plate 22.) 
Here you will find all the Degrees that have been taken of the Heat and 
Cold of the Weather: fo that the Divifions do not rife fo high as boil- 
ing Water, which was not neceilary in comparing Regifters of the Wea- 
ther taken by feveral Perfons in feveral Countries. For the Particulars 
relating to the feveral Thermometers, which I want room for here, I 
refer the Reader to the Effays, which are very learned and curious. 

Tue Confideration of Fire and Heat is very difficult: we know yet: 
but. very little of their nature; and I think that thofe Philofophers, who 
affert the Being of an elementary Fire, (or that Fire 1s.contain’d in all » 
Bodies) affume a little too much *, Whoever reads with Attention. 
Dr. Hales’s Vegetable Staticks, will {oon be of a different Opinion. 


39. THE late learned and ingenious Dr. Brook Taylor and myfelf made: 
fome Experiments, whereby itappear’d to us that actual Heat was to /enfible. 
Heat, as Motion is to Velocity. ‘That 1s, if a certain Quantity of Heat: 
which warm’d (for Example) a Quart of Water, which fhew’d a cer- 
tain Degree of Heat on the Thermometer, was applied to warm 6 

the. 
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the Quantity of Water (for Example) two Quarts, the Thermometer Le@, X. 


put into this laft Quantity of Water, wou’d fhew but half the Heat, —m=™ 
We deduced our Theory from the following | 


. EXPERIMENTS 12, 13, 14, 15, 16. | 

We caus’d two Cylindrick Veffels of Tin holding each fomething more 
than 6 Pints to be made, and fix’d in two Places of a'Table 3 Tron 
Spikes to fet the Veffels, upon that Heat or Cold might not be communi- 
cated from the Table to the Cylinders, or from them to the Table. 
We got fix more Cylindrick Veflels made, but with Handles in order to 
_ take Boiling Water fuddenly out ofa large Kettle: Two of thefe Veffels 
held each a Pint; the 3d, two Pints; the 4th, three Pints; the sth, four 
Pints; and the 6th, five Pints. We made two {mall Linfeed-Oil Ther- 
mometers whofe Scales exaCtly agreed. The Liquor in Patrick’s 'Ther- 
mometer ftanding at Temperate, our Oil Thermometers {tood at 10 in 
cold Water. Then we made our Experiments in the following manner. 
1°. We dipp’d one of the Pint Veflels in the boiling Water, and em- 
ptied it in one of .our large Cylinders ftanding on the Iron Points, and 
in 5 Seconds the two Thermometers rofe to 16 Degrees. We dipp’d 
in the Kettle at the fame time one Pint Veflel, and the other Pint 
Vefiel, and pour’d the one into the empty large Cylinder as before ; 
and the other into the other large Cylinder, in which was a Pint of 
cold Water, with a Thermometer in each Veffel. In the Cylinder that 

had nothing but warm Water, the Linfeed Oil rofe to 16 as before ; ‘but 
in the other, which ftood in the equal Mixture of warm and cold 
Water, the Oil rofe only to 13. Then-we pour’d a Pint of hot Water 
fucceflively to 2, 3, 4, and 5 of cold Water (having cool’d the large 
Tin Veflel between each Experiment) and the Oil of the Thermometer 
in the Mixture rofe to 12, 114, 114, and 11 Degrees. After this we 
pour’d 5 Pints. of boiling Water to’'1 of cold; 4 of boiling to 2 of cold; 
3 of boiling to 3 of cold; 4 of boiling to 2 of cold; and 5 of boiling 
to-1 of cold: and the Oil in the Thermometer rofe fucceffively to 1 5, 
14, 13, 12, and 1s, Having miflaid the Paper which gives the Par- 
ticulars of this Experiment, I cannot be exa€t in the {mall Divifions or 
Fractions of the Numbers; but I remember that they were a little under 
what I fet down; but fo little under, that we thought the Difference 
of no confequence; and fancied they might be attributed to the Heat 
loft in warming the Tin Vefiel. 

But what I depend upon moft in this Theory, is the following 
Experiment made before the Royal Society. Ina Kettle of warm Water, 
1 had half a Pint of Water in an open Phial, and half a Pint of Mer- 
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Lett. X. cury in another Phial, and I let them remain half an Hour whilft the 
Sy Water boil’d. Then having pour’d intoa Bafon half a Pint of cold Wa- 


Piate 22. 
Fig. *. 


ter, and into another Bafon 13 4 Pints of cold Water; I pour’d at the 
fame time the Water from the Phial into the Bafon which had the half 
Pint of cold Water, andthe Mercury into the Bafon which had the 13 4 
Pints, and in half a Minute’s time the unequal Quantities of Water in 
the Bafons were equally warm’d, as appear’d by two equally graduated 
‘Thermometers. 


THERE are indeed fome Experiments made by Dr. Martine, from 


which different Conclufions feem to be drawn than what Dr, Taylor and 
I drew ; but upon due Confideration, it will only-confine our Theory to 
a Fluid of the fame kind: that is, the fame Quantity of Heat which 
warms a Pint of Water will be twice more fenfible, than when it is ap- 
plied to warm two Pints of Water: and tho’. it. is Certainly true, that 
Mercury once warm’d will communicate Heat to 134 times more Water 
than the fame Bulk of Water affected by the like fenfible Heat can do; 
yet perhaps the Mercury may receive Heat in lef$ time, than 13 4 
times the Bulk of Water ; but I am ignorant. of ‘that, not having made 
the Experiment. | ; 


40. HyGRomMETERS, or NoTiomeTerRs, are Inftruments contriv’d 
to: fhew the State of the Air as to Moifture or Drynefs. There are a 
great many Subftances fit to make Hydrometers ; but none that we know 
of to. make them lafting ; that is, to keep the fame Exaétne&S for any 
confiderable time, as a Year, for Example. I fhall mentioma few:ways 
of making that Inftrument. 1°. Take a-fine Seale Beam, as A B, Fig. 
7. Plate 22, on whofe End A hang a parcel of SpungesS kept im aqui- 


librio, by a Weight, as P, hanging from the End B in any certain State: 


of the Air: Now when the Moifture of the Air increafes, the Spunges 
imbibing fome of that Moufture over-weigh, and fink down, while their 
Counterpoife P rifes; but if the Air become drier than it was when the 
ZEquilibrium was firft made, fome of the Moifture evaporates: from ‘the 
Spunges, which then rife when the Counterpoife defcends, as the Figure 
thews; but to make the Degrees of Moifture and Drynefs the more fen- 
fible, there muft be an Arc of a Circle E D. fix’d to F, the Point where 
the Balance is fufpended, having the Center of Motion of the Balance for 
its Center. The Beam AB, muft have a long Examen, or Cock, © 8} 
which ferves for an Index to point the Degrees mark’d on the aforefaid 
Arc, to fhew the leaft Alteration of the guilibrium,, or Variation of 
A.B from an horizontal. Pofition, 2°. A fecond fort of Hygrometer is 
eafily made thus: to, the Bottom of a twifted hempen Sting hanging 

from. 
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- from H, the Cicling of a Room, faftena Weight, as W, (Fig.8.) with Le&.X, 

an Index I at its under fide, and by the twitting of the String, which out 

happens in wet Weather, the Index will point to the different Degrees of Fig. 8. 

a Circle fet under it, as A B. ‘There may be a Wire perpendicularly 

hanging from the under-fide of the middle of W, going thro’ an Hole in 

the Center of the Circle, to keep the Index fteady in its Motion. N. B, 

Thofe Dutch Toys call’d Weather-Houfes, where a fimall Image of a Man, 

and one of a Woman, are fix'd upon the Ends of an Index, are built upon 

this Principle. For the Index being fuftained by a String, or twifted 

Cat-gut, turns backwards and forwards, bringing out the Man in. wet 

Weather, and the Womanin dry, 3°. But as a String not only twitts, 

but grows fhorter in wet Weather, the Hygrometer will be more fenfible, 

by making ufe of a long String catried up and down from its Point of 

Sufpenfion over four or fiye Pullies, and a Weight terminated by a broad 

Plate at Bottom, ferving for an Index, and marking the Degrees on the 

Scale by rifing and falling, See Fig. 9. where H is the Cicling Hook, Plate 22. 

P, p; p, p, the Pulleys, and I the graduated Scale andIndex. 4°. The Fig: 9- 

Beard of a wild Oat, twifting in dry, and untwifting in wet Weather, 

will make a fenfible Hydrometer many ways. Here follows one. ABCD, 

Fig. 10. is a {quare Brafs Plate about four Inches fquare, with a Ring 

or Circle fix’d to it, graduated on the Flat, and the inner Edge. Fig. 10, Plate 22. 

IC isa very light Index of Brafs or Steel, having a fmall cylindrick Lump F's: '°- 

in its Center, into which is faften’d the Top of the Beard of a wild Oat 

by a little Peg, and the other End of it in another Lump about an Inch 

under the Plate, which having a little Hole under C, allows the Beard 

of the Oat to come thro’ to carry the Hand,. and yet keeps it in its Place, 

without hindering its twifting and untwifting. There are two Wires 

coming down under the middle of the Plate, which hold a little crofs 

Bar making a {mall Frame to carry the Lump that holds the Bottom of 

the Beard expos’d to the Air, The four Feet of this Inftrument, two 

of which are {cen atC, D, mutt be about one Inch and a Quarter long, 

to keep the Frame under the Plate from touching any thing.that the In- 

ftrument isfetupon, In fg. 11. AB reprefentsthe Plate, F and F two Plate 22. 

of its Feet, C and D the little Lumps to which the wild Oat-Beard C D *'8'": 

is faften’d: ef and g 4 the hanging down Wires fupporting the Piece f 4, 

all together making an open Frame to hold the Lump D.. 7 isthe Hole in 

the Plate for the Beard to pafs thro’, as it carries the Index Iz, which points 

to the Degrees on the graduated Circle A.B, 5°, The Jatt I thall, men- 

tion here is an Hygrometer contriv’d by Dr, Hales and myfelf. See Fig. plate 22. 

12. PcpwCisa Piece of Lignum Vite cylindrick at Cw P, butatrun- Fig: 12. 

cated Cone from C w top, and icrew’d like the Fuzee of a Watch,. but 
repeat 2 | : het 
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Le&t. X. not "near fo taper. The Length of the Inftrument is about a Foot, the 
wv cylindrick Part an Inch in Diameter, and half an Inch long. The large 
Part of the Screw about + of an Inch, and the fmall Part half an Inch. 
There are fine Steel Pivots at each End, bearing on two fine conic Holes 
in Braffes in the Frame that carries the Inftrument, that it may turn ea- 
fily. ASpunge S hangs by a Silk from the Cylinder of the Inftrument, 
fo as to turn the Inftrument by its rifing or falling. A Weight W hang- 
ing from another Silk z, coil’d upon the Screw Cp, keeps the Spunge 77 | 
aquilibrio. Now when the Spunge becomes heavier by imbibing Moi- 
fture from the Air, it runs down, and draws up W ; but as W comes 
up, its String muft advance towards C w, where hanging farther from its 
Center, its Power will be fo increas’d, that it will keep the Spunge 7 
equilibrio, tho’ its Weight be increas’d : But as the W eight rifes it will 
fhew on the Scale D D how much the Spunge is heavier, and confe- 
< quently the Air moifter. 
N.B. Tuts Inftrument is made very fenfible, when its Pivots are 
fupported by four Friction Wheels, fuch as are reprefented in the Friction 
Machine of Vol. I. Plate 18. Fig. 8. | 


41. InsTE aD of the Spunges ufed in this, and the firft-mention’d 
Hygrometer, one may put Salt of Tartar, or any other Salts, or Pot-Afh 
in a Scale of a Balance, which will alfo become heavier by attracting the 
Humidity from the Air, and the lighter by its Evaporation, As likewife 
Salts may be made ufe of in the Hygrometer of N° 1.  Inftead of the 
long String which goes over the Pullies of N° 3. one may make ufe of 
Parchment in a long narrow Lift, -and it will lengthen by Moifture, and 
fhorten by Drynefs, whereas twifted Subftances fhorten by Moifture, 
while animal Subftances lengthen by it. ‘Therefore one may fo combine 
an animal Subftance with a twifted one ; that is, one may make a Twift 
of an animal Subftance, in fuch a manner, that Moifture or Drynefs 
will! have no effet 'in lengthening or fhortening it; thus the Wheel-bands 
or Strings of fome Lathes that would lengthen as they are animal Sub- 
ftances, (Cat-gut, for Example) fhorten, as they are twifted, in moitft 
Weather, A notable Inftance of this laft Effect of Weather was feen in 
the Machinery ofan Architect, of whom the following Story istold. An 
Architect at Rome having fix’d a very high Pedeftal, wanted to raife up 
its Obélifk, which was very heavy, to fet upon it; but when he had 
fix’'d his Machines, and hung on his Weight, and drawn it up as far as 
he could, his Ropes ftretch’d fo much, that the Obelifk could not be 
brought up to its neceflary Height, which made the Architect fret and 
rage, till fomebody, who had a more philofophical Head than He, re 

| him 


| 
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him wet the Ropes; which being done, the Ropes immediately con- Leét. X. 
tracted, and raifing the Weight up above its due Place, it was foon let =~ 
down and fet right. As there is fcarce any Body that will not change 
its Dimenfions by Moifture or Drynefs, it would be endlefs to recount 
what Hygrometers might be made of; but it may be uieful to mention 
what the Moifture or Drynefs of the Weather can have no Influence on, 
and that is the ftraight Grain of Wood: for tho’ every Door and Window 
in moift Weather fhews us how much Wood {wells crofS the Grain, yet: 
we can never find it ftretch end-wife, by Heat or Cold, Moifture or 
Drynefs. This is the Reafon why that excellent Mechanick the Earl of 
Tlay makes the Rods of the Pendulums of his Clocks of Wood: and 
Mr. ‘ames King, the Carpenter for Weflminfter Bridge, combines the 
Pieces that make the Centers for his Arches fo, that the Weather that 
may {well each Piece-a-crofs fhall not lengthen thofe on which the Form: 
and Bearing of his Arches depend. : 

Tuose that would know more of thefe Hygrometers, call’d alfo Hy- 

grofcopes, may confult the firft Plate of the fecond Volume of Lowrhorp’s 
Abridgment of the Philofophical ‘TranfaCtions, with the Defcriptions an- 
nex’d by the Authors that communicated them. 
_ Tue Hydrometers are not to be ufed as Weather-Glaffes to fore-tell 
Moifture and Drynefs in the Air before it comes: they only thew the 
prefent State of the Air. Neither will the fame Hydrometer ferve for 
Years, likea Barometer anda-Thermometer; but will be {0 alter’d as to 
be almoft ufélefs; whatever Subftance it is made of, as: Profeffor Mu/- 
chenbroek has well obfery’d in the 699th and 7ooth Pages of the fecond 
Volume of his E/ffays de Phy/fique, tranflated into French by Dr. P. Ma/- 
fuet, printed at Leyden 1737. 

NoTwiTHSTANDING this, there are many Cafes wherein the Hy- 
drometers are of great ufe ; as, for Example, when we would fee what 
Rarefaction the Air will undergo by great Degrees of Heat, we fhould 
know what Degree of Moifture it contains ; otherwife we fhali attribute 
to the Air what is really Rarefaction of Vapour. Thus fome have thought 
that the Heat of boiling Water rarefied the Air ten times, fome eight 
times, fome three times, and fome twice; when truly. it rarefies it but 
+: but the Experiment muft be made in a dry Summer, when there is 
no Moifture at all inthe Air. And reciprocally, when we find that the 
Heat of boiling Water rarefies Air but 4, and the Heat of a red-hot Re~ 
tort but three times, we may be fure there is no Moitture in the Air;. 
and mark our Hygrometer with the Point of very dry. 
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42, THere are feveral Inftruments which have been rejected on ac« 
count of Defects found in them, which again came into Ufe; becaufe 
when thofe Defeéts depend upon regular Caufes, they may be applied to 
ferve Purpofes not thought of before. We have a remarkable Inftance 
of itin the Air-Thermometer, which being join’d with the Spirit-Ther- 
mometer, ferves to make an Inftrument that has all the Properties of the 
Barometer, and really becomes necefiary, becaufe it may be ufed when 
the Mercurial Barometer can’t. In fpeaking of the Air-Thermometer, 
we have obferv’d that the Weight of the Atmofphere (not known to 
thofe that firft ufed this Thermometer) interfer’d in this Inftrument,: and 
by its increas’d or diminith’d Preffure rais’d or funk the Liquor of it, fo as 
to make it not truly fhew the Degrees of Heat and Cold. Now to take 
off this difturbing Action of the Atmofphere, the Spirit-Thermometer 
was contriv’d, {eal’d hermetically to keep out the Preflure of the external 
Air, whilft its dilating Liquor fhew’d only.the Degrees of Heat and Cold, 
So that if the Preflure of the Atmofphere could by any means be hin- 
der’d from aéting upon the Air-Thermometer, it would be no way in- 
ferior to the Spirit-Thermometer: or which, is the fame, if one could 
find a means to diftinguifh in the Motion of the Liquor of the Airs'Ther- 
mometer, what Part of it is owing to Heat and Cold, and what Part of 
it is owing to the various Preffure of the Atmofphere. Now a Means is 
found to do this by joining together two Thermometers, an Air-Ther- 
mometer and a Spirit-Thermometer, whofe Difference will exactly fhew 
the Preffure of the ‘Air, and become a Barometer., 


Pigte 274, tom 

In the Frame E AC are fix’d two Thermometers, an Air-Thermo- 
meter A B, anda Spirit-ThermometerC D. The Ball B, and the Tube 
from B to ¢ is full of Air of the fame tenor as the outward Air: the End 
of the Tube goes into a little Bottle A almoft full of Liquor, which — 
communicates with the outward Air, by the Spout 2, which may be 
fhut up occafionally by a {mall Peg, The Spirit-Thermometer is herme- 
tically feal’d, and fill’d with Spirits from C to T, where temperate is 


written upon the Scale of the Spirit-Thermometer, whofe upper Ball 


being made red-hot before it was feal’d, the Airin the Ball and Tube 
from D to T is three times rarer than common Air, and therefore wil] 
eafily allow the Liquor to nfe up againft it, which it will doas the Wea- 
ther grows hotter; when at the fame time the fame Degree of Heat af- 
feCting the Air in the Ball, makes the Liquor fall as many Degrees in the 
Ais-Thermometer. This would always rife juft as much as the other 


fell, 
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fell, if there was no Alteration in the Weight of the Air, But if there Le&. X, 
was no Alteration in the Heat of the Weather, but in the Weight of the =“ 
Atmofphere, it being become heavier ; the Liquor in the Spirit-Thermo- 

meter wou’d remain at T, whilft that in the Air-Thermometer would 

rife, for Example to 1, being in that cafe only a Barometer, and the Space 

of the Liquor from r to 4, that is the Degrees of the Rife of the Liquor 

more in this’ Thermometer than in the other (tho’ the contrary way 

to its Range) wou’d be proportionable to the increas’d Weight of the 

Air. How to adjuft thete Degrees to the Scale of the Quickfilver Baro- 

meter fo as to reprefent it, will be fhewn by giving you from Dr, Halley 

_ the Defcription. of the Marine Barometer fuch as Dr. Hoske made for 

him, and he carried with him in his South-Sea Voyage. 


43. An Account of Dr. Booke’s Marine Barometer, by Dr. E. Halley, Plate 23. 
N° 269. p.791. Plate 23. Fig. 2. "| Fig. 2. 

Dr..Hooke, who has made many attempts to improve the Barometer, 
and to render the minute Divifions on the Scale thereof, more fenfible, 
judging that it might be of great ufe at Sea, contrived feveral ways to 
make it ferviceable on-board of Ships; one of which he explained to the 
Royal Society. at their. Weekly Meeting in Gre/ham College ‘Fan. 2, 1664, 
Since which time he hath further cultivated.the Invention; and fome 
Years ago produced before the faid Society the Inftrument Iam now to 
defcribe. 

Tue Mercurial Barometer requiring’a perpendicular Pofture, and the 
Quickfilver vibrating therein. with great violence upon any Agitation, is. 
therefore uncapable of being ufed at Sea, (tho? it hath lately been con- 
trived to be made portable.) So it remained to find out fome other Prin-- 
ciple, wherein the Pofition of the Inftrument was not fo indifpenfibly ne- 
ceffary : For this, all thofé that ufe the Sea are obliged to the great Fa-. 
cility Dr. Hooke has always fhewn, in applying Philofophical Experiments 
to their proper Utes. 7 

It is about 40 Years fince, that the Thermometers of Robert de 
Fluétibus, depending on the Dilatation and Contraction of included 
Air by Heat and Cold, have been difufed upon difcovery that the Air’s 
Preffare is unequal; that Inequality mixing itfelf with the Effects of 
the Warmth of the Air in that Inftrament: And inftead thereof was 
fabftituted the feal’d Thermometer, including Spirit of Wine (firit 
brought into England out of Italy by Robert Southwell,) as a ptopet 
Standard of the Temper of the Air, in relation to Heat and Cold; 
that ethereal Spirit being of all the known Liquors the moft fufcep- 
tible of Dilatation. and. Contraction, efpecially with a moderate degree — 

ot 
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Lect. X. of either Heat or Cold. Now this being allowed as a Standard, and the 
team other Thermometer that includes Air being graduated with the fame Di- 
vifions, fo as at the time when the Air was included, to agree with the 
Spirit-Thermometer in all the Degrees of Heat and Cold, noting at the 

fame time the precife Height of the Mercury in the common Barometer : 

It will readily be underftood, that whenfoever thefe two Thermometers 

fhall agree, the Preflure of the Air is the fame it was, when the Air-was: 
included, and the Inftrument graduated: That if in the Air-Thermo- 

meter the Liquor ftands higher than the Divifion marked thereon, cor- 
refponding with that on the Spirit-Glafs, it is an Indication that there is 

a greater Preflure of the Air at that time, than when the Inftrument 

was graduated. And the contrary is to be concluded, when the Air-Glafs 

ftands lower than the Spirit, wz. that then the Air is fo much lighter 

and the Quickfilver in the ordinary Barometers lower than at the fame 

time of Graduation ——And the Spaces anfwering to an Inch of Mercury 

will be more or lefs, according to the Quantity of Air fo included, and 

the Smallnefs of the Glafs Cane, in which the Liquor rifes and falls, and 

may be augmented almoft in any proportion, under that of the fpecifick 
Gravity of the Liquor of the Thermometer to Mercury: fo as to have 

a Foot or more for an Inch of Mercury, which is another great Conve- 

nience. It has been obferved by fome, that in long keeping this Inftru- 

ment the Air included either finds a means to efcape, or depofite fome 
Vapours mixt with it, or elfe for fome other caufe becomes lef elaftick, 
whereby in procefs of time it gives the Height of the Mercury fomewhat 

greater than it ought; but this, if it, fhould happen in fome of them, 
hinders not the Ufefulnefs thereof, for that it may at any time very eafily 

be corrected by Experiment, and the Rifing and Falling thereof are the 
Things chiefly remarkable in it, the juft Height being barely a Curiofity. 

In thefe Parts of the World, long Experience has told us, that the Rifing 

of the Mercury forebodes fair Weather after, foul, and an Eafterly and 
Northerly Wind ; and that the Falling thereof, on the contrary, fignifies 
Southerly or Wefterly Winds, with Rain, or ftormy Winds, or both ; 

which latter is of much more confequence to provide againft at Sea than 

at Land ; and in a Storm, the Mercury beginning to rife, is a fure fign 

that it begins to abate, as has been experienced in high Latitudes, both to 

the Northwards and Southwards of the Equator. : 

Plate 23. AB reprefents the Spirit-Thermometer, graduated after the fame man- 
Fig.2. ner with the like Degrees: with the Spirit BallC, and empty Bubble D, 
(of Fig. 1.) fupposd bebind the Board ACB, EF isa Plate applied to the 

Side of the Thermometer CD, having alfo its Liquor Bottle A: and Air- 
Bubble B (of Fig. 1.) out of fight, graduated into Spaces anfwering to 

| ‘Inches 
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Inches and Parts of an Inch of Mercury, in the common Barometer G, Le&. X. 
a Hand ftanding on the Plate at the Height of the Mercury thereon, as it 
was when the Inftrument was graduated, as fuppofe here at 294 Inches, Fie bik 
LM a Wire on which the Plate EF flips up and down parallel to the 
Cane of the Thermometer CD. aeite | 
K, any Point at which the Spirit ftands at the time of Obfervation : 
Suppofe at 38 on the Spirit-Thermometer ; flide the Plate EF till 
the Hand G ftand at 38 on the Air-Thermometer, and if the Liquor 
therein ftands at 38 likewife, then is the Preflue of the Air the fame as 
at the time of Graduation, viz. 29,5 but if it ftand higher, as at 30 at 
J, then is the Preflure of the Air greater; and the Divifion on the fliding 
Plate againft the Liquor, fhews the prefent Height of the Mercury to be 
29 Inches 7 tenths, 
I wap one of thefe Barometers with me in my late Southern Voyage, 
and it never failed to prognoftick and give early notice of all the bad 
Weather we had. 


44. As by the fudden and quick Changes of the Preffure of the Air, 
when a Storm is coming (or already come) the Mercury in the common 
Barometer rifes and falls fo faft as to vibrate or dance: fo likewife does it 
dance in the Tube by the Shake of the Ship, tho’ there be no change in 
the Preflure of the Air, or no Storm coming; and this happens becaufe 
the Attraction of Mercury to Glafs is fo {mall, that the leaft thake loofens 
it from its Contact; but when the Marine Barometer is ufed, the Liquor 
in the Air-Thermometer (which is common Water ting’d blue, with a 
{mall Mixture of Aqua fortis to keep it from freezing) on which the 
Air exerts its various Preflure (thereby fhewing what happens to Mercu- 
rial Barometers) is fo f{trongly attracted to the Infide of the Tube, which 
4s {mall, that no Motion of the Ship or of the Hand which carries the In- 
ftrument, can make it dance. So that its fudden Rifing and Falling can 
be owing to nothing but the Change of the Preflure of the Air, whereby 
you may be fure that a Storm is coming, and have notice to prepare for 
Jt. And this is the great ufe of the Marine Barometer ; for tho’ it may 
not keep exactly correfpondent with the Mercurial Barometer tor many 
Months, all we want is to fhew the fudden Changes of Preflure. So that 
when Mr. Patrick the Toricellian Operator thought to improve this Ma- 
chine by fubftituting Mercury inftead of a lighter Liquor in his New Ma- 
rine Barometer (as he called it) he render’d it unfit for the Sea, making 
At fubject to receive Vibrations from the Shake of the Ship. He indeed 
Made it a fhort and very portable Barometer fit always to keep pace with 
the common Barometer, and a new Inftrument for Sale. 

WoL. II. Meat | 45. 
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Lea. X. 

t—~——_— 45. Ir the Air continued always to have the fame degree of Heat and 
Cold (or what is the fame thing, Heat and Cold had no influence upon 
the Air) then wou’d the Air-Thermometer be turn’d ato a Barometer ; 
for as the Preffure of the Atmofphere is increafed or diminifhed, the Air 
in the Ball of the Inftrement would be condenfed, or wou’d expand it 
felf, and let fall or raife the Liquor in proportion. Now as there are 
ways of keeping the Ball that holds the Air of the fame degree of Heat 
and Cold; one may make this Machine a very fenfible Barometer. I 
have made it fo fenfible, that in raifing it up from the Ground to the top 
of a Fable only three Foot higher, the Liquor has mov’d 34, of an Inch, 
which is go times more fenfible than the Mercurial Barometer, which 
muft be carried up go Foot high for the Mercury to fall , of an Inch. 
How to prepare this Machine for taking Levels (in the manner that I fit- 
ted it up when I fhew’d it the Royal Society in the Year 1724, fee Phil. 

*Ann.13. Tranfaét, N° 385,) you will find in the Notes *, 

Anp now I find there are ftill fo many things to be confider’d, in or- 
def to give a full account of all the Properties of the Air, and take in the 
new Difcoveries that have been made about it, as well as giving a Dew 
feription of feveral Machines and Experiments to demonftrate what we 
have more fuperficially explain’d and hinted at, that this Le@ture will not 
near contaity what we have to fay upon the Subject without {welling into 
too great 4 Length: therefore we muft have another Lecture to finifh our 
Pheumaticks, All that we can do now is to give our two Differtations 
upon the Rife of Vapours, and Formation of Clouds and Rain, which. 
Will compleat the Doctrine of the Weather, and fhew the further and 
fall Ufe of the feveral Machines for obferving it, which we have defcrib’d 
already. 1 muft alfo infert my Diflertation on Electricity, that extenfive 
Property of Bodies being a powerful Agent in feveral Phenomena, where 
it was thought to have no concern. 


Phil. Tran N° 407. An Artempt to folve the Phenomenon of the 
Rife of Vapours, Formation of Clouds, and Defcent of Rain. Ina 


Letter from Dr. J.T. Defaguliers, LL. D, F.R.S. to Dr. Rutty, 


R.S. Seer. 
SIR, : 
+ PPA ELE Reafon of my writing upon a SubjeG which has been fo 
« @ Often treated of, is, that none of the Accounts hitherto given 


© of this Phenomenon, (at leaft that I have met with) feem tobe fuffi- 
© cient to folve all the ‘Citcumftances of it. 4 
| «Dr. 


A Courfe of Experimental P hilofophy. 307 
* Dr. Niewentyt, and fome others fay——That Particles of Fire fe- Lea. X. 
« parated from the Sun-beams, by adhering to Particles of Water, make =“ 
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up Molecule, or {mall Bodies, {pecifically lighter than Air, which there- 
fore, by hydroftatical Laws, muft rife and form Clouds that remain 
fufpended when they are rifen up to fuch an Height that the Air about 
them is of the fame fpecifick Gravity with themfelves. 

‘ Tuat Rain is produced by the Separation of the Particles of Fire 
from thofe of Water, which laft being then reftored to their former fpe- 
cifick Gravity, can no longer be fuftained by the Air, but muft fall in 
Drops. See Niewentyt’s Religious Pbilofopher. Contemplation 19. 
from Sect. 13. to Sect. 25. 

‘ Now this is liable to feveral ObjeCtions: £yrff, It is built upon a 
Suppofition that Fire is a particular Subftance, or diftinét Element, 
which has never yet-been prov'd by convincing Experiments and fuffi- 
cient Obfervations ; and which the Reverend Dr: Ha/es has in his late 
excellent Book of Vegetable Staticks fhewn to be an ill-grounded ‘Opi- 
nion, making it very plain, that in Chemical Operations thofe Bodies 
which had been thought to become heavier by Particles of Fire ad- 
hering to them, were only fo by Adhefion of Particles of Air, @c. which 
he has fhewn to be adjorbed in great Quantities by fome Bodies whilft it 
is generated (or reduced from a fxt to an elaflick State) by othets ; nay, 
that it may be ab/orbed and generated {uccetlively by the fame Body, 
undef different Circumftances. 

* Secondly, Ir we fhou’d allow the above-mention’d Suppofition, the 
Difficulty will {till remain about the Production of Rain by the Sepa- 
ration of Fire from the Water: For Dr. Niewentyt aicribes: this Ef- 
fect to two different Caufes. Firj?, to Condenfation (Sect. 23.) fay- 
ing, ‘ That when contrary Winds blow againit the fame Cloud, and 
drive the watery Particles together, the Fire that adher’d to them gets 
loofe, and they (becoming then fpetifically heavier) precipitate and fall 
down in Rain.” Then in the very next Sectzon, he atcribes it td 
Rarefaction, when he fays; ‘* That when a Wind blowing obliquely up- 
wards caufes a Cloud to-rife into a:thinner Air (2. ¢. {pecifically lighter 
than itfelf) the Fire which by fticking to the Particles of Water 
rendred them lighter, extricates itfelf from them, and afcending by its 


Lightnefs, the Water becomes too heavy, not only to.remain in this 


thin and light Air, butseven ina thicker and heavier near the Earth, 
and {fo will be turned into aidefeending Dew, Mift, or Rain, or Snow, 
or the like, according as the watery Vapours are-either rarefied or com- 
prefled.”’ # 

‘Soa aed ‘ THE 
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Leét, X. ° Tue firtt of thefe Caufes of Rain is contrary to Experience ; for 
eeany—ew! < when two contrary Winds blow againft each other, over any Place of 
the Earth, the Barometer always rifes, and we have fair Weather, For 
then, as Dr. Halley fays in Philof. Tranf. N° 183. the Air being accu 
mulated above, becomes {pecifically heavier about the Clouds, which 
(inftead of falling into Rain, as Dr. Niewentyt {uppofes) afcend up into 
fuch a Part of the Atmofphere, as has the Air of the fame {pecifick Gra- 
vity with themfelves, 

‘ Ir the falling of Rain might be attributed to the fecond of thee 
Caufes, then every time a Cloud is encompafied with Air, {pecifically 
lighter than itfelf (whether it be when by the blowing away fome of 
the fuperior Air, that which is about the Cloud becomes rater as it is 
lefs compreffed, or by the Cloud being driven upwards) Rain muft ne- 
ceffarily follow; whereas one may often fee the. Clouds rife and fall 
without Rains, even when the Barometer fhews the Weight of the 
Air to be alter’d. For that happens only. when by the great Diminu- 
tion of the fpecifick Gravity of the Air about the Cloud, it has a great 
way to fall; in which cafe the Refiftance of the Air, which increafes 
as the Square of the Velocity of the defcending Cloud, caufes the 
floating Particles of Water to come within the power of each other’s 
Attraction, and form fuch big Drops, as being {pecifically heavier than 
any Air, muft fall in Rain. : 
‘ No gentle Defcent of a Cloud, but only an accelerated Motion 
downwards, produces Rain. | 

© N.B. I don’t mean that the quick Defcent of a Cloud is the only 
Caufe of Rain ; becaufe the Shock from a Flafh of Lightning, and the 
judden Return of the Air after the Vacuum made by the Flafh, will 
conden/e the floating Vapour into Water; and alfo the fame Cloud which 
in the free dir, might be carried horizontally without being turn'd into 
Rain, meeting with an high Hill in its way, will be condenfed and 
fall in Drops efpectally if, in the Day-time, it be driven by the Wind 
out of the Sunfbine, againft the fhaded Side. of the Mountain. ) 

‘« Besrpes all this, if Particles of Fire were join’d with thofe of Wa- 
ter to raife them up, thofe igneous Particles muft be at leaft 1000 times 
greater in Bulk than the watery ones; fo that a Perfon, who, at the top 
of a Hill has his Hands and Face in a Cloud, mutt feel a very fenfible 
Warmth, by touching a much greater Surface of Fire than Water in 
the Cloud, and afterwards find the Rain produced from that Vapour 
fenfibly colder : whereas the contrary is prov’d by our Senfes, the Fops 
* of Hills tho’ in the Clouds being much colder than the Rain at Bottom. 
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© THERE is another Opinion concerning the Rife of Vapours, name- Lect. X. 
ly, that tho’ Water be {pecifically heavier than Air, yet if its Surface —V>~ 


be increafed by very much diminifhing the Bulk of its Particles, when 
once raifed, it cannot eafily fall; becaufe the Weight of each Par- 
ticle diminifhes as the Cube Root of its Diameter, and the Surface to 
which the Air refifts, only as the {quare Root of the faid Diameter : 
That we fee this in the Duft in Summer, and in Menftruums that 
faftain Metals diffolved, which are f{pecifically heavier than the Men- 
{truums. . 
* Bur, this will not explain the Phenomenon ; becaufe thoagh the In- 
create of Surface (the Weight remaining the fame) will in a great mea- 
fure hinder (or rather retard) the Defcent of {mall Bodies moving in 
the Air, by reafon of its great Refiftance to fo large a Surface ; it will 
for the fame reafon alfo hinder the Afcent. For the Rife of Duft is ow- 
ing to the Motion of Animals Feet in it, or to the Wind: Whereas Va- 
pours rife in calm. Weather, as well as windy; neither do they, like the 
Duft, always fall to the ground, when the Wind ceafes to blow. 

© Tue third Opinion, and which is moft commonly received, is, that 
by the Action of the Sun on the Water, fmall Particles of Water are 
formed into hollow Spherules filled with an Aura, or finer Air highly 
rarefied, fo as to become fpecifically lighter than common Air, and con- 
fequently that they muft rife in it by hydroftatical Laws. As for example, 
if a Particle of Water, as it becomes a hollow Sphere, be only increafed 
ten times in Diameter, its Bulk will be increafed a thoufand times ; 
therefore it will then be fpecifically lighter than common Water, whofe 
fpecifick Gravity is to that of Air, as 850 to1; then if the Denfity of 
the Aura, or Spirit within the little Shell, be fuppofed g times lefs than 
thatof Air, or as 1114-to 1000, that {pecifick Gravity of the Shell, and its 
Contents will be to that of Air, as 961 to 1000; therefore fuch an 
aqueous Bubble muft rife till it comes to an ASquilibrium in Air, whofe 
Denfity is to the Denfity of that in which it began to rife as 850 to 8 16,8 
nearly. But it appears by Experiments, that Air rarefied by an Heat 
which makesa Retort red-hot, isonly increafed in Bulk, or dilated 3’Times; 
by the Heat of boiling Water only +2 or near two thirds; and by the 
Heat of a human Body (fuch as will raife Vapours plentifully) only 
+2, or about 4. I own my Objection may be anfwered, by fuppofing 
the Spherule of Water to be more increafed in Diameter, as for example, 
20 times; becaufe then, if it be filled with Air only * rarer than com- 


mon Air, it will be {pecifically lighter, and capable of rifing to a confi- 


derable Height. 
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‘ To give this Solution all its Force, let us exprefS it in Numbers, 

Let A and W (fg. 5.) teprefent a Particle of Air, and one of 
Water of equal Bulk, then will the Weight of A be to the Weight of 
W as 1 to85o, their Bulks being equal. If the Particle of Water be 
blown up into a Bubble (w) of 20 ‘Limes its Diameter, then will its 
Bulk be to its Weight as 8000 to 850, whilit a Sphere of Air (a) of 
the fame Bignefs, has its Weight as well as Bulk equal to 8000. Now 


-ifan Air or Aura, 4 rarer than common Air, be fiippofed within the 


watery Bubble, to keep it blown, it will be the fame as if 3 of the Air 


_ of (a2) was carried into (w), and then the Weight of (ww): would be 


increafed by the Number 6000; {fo that the Shell of Water, being in 
Bulk 8000, would be in Weight 850 +- 6000 == 6850, whilft an 
equal Bulk of Air weighed 8000, and confequently the watery Bubble 
would rife till it came toan Air, whofe Denfity is to the Denfity of the 
Air next to the Surface of the exhaling Water, as 6850 to 8000. 
Tuts is the ftrongeft way of {tating the Hypothefis, But to fupport 
it, the following Queties muft be anfwered. 
‘ 2. 1ff, How comes the Aura, or Air in the Bubbles, to -be fpeci- 
fically lighter than the Air without them, fince the Sun’s Rays, which 
act upon the Water, are equally denfe all over its Surface? 
‘ 2.2. Ir it could be potfible fora rarer Air to be feparated fromthe 
denfer ambient Air, to blow up the Bubbles, (as foaped Water is 
blown up by warm Air from the Lungs, whilft the ambient Ait is 
colder and denfer) what would hinder that cold Air, by its greater 
Preffure, from reducing the Bubbles to a lefs Bulk, and a greater fpe-_ 
cifick Gravity than the Air, -efpecially fince Cold can be communicated 
through fuch thin Shells, and the Tenacity of common Water is very 
{mall, when compared with that of foaped Water, (whofe Bubbles, 
notwithftanding that Tenacity) are foon deftroyed by the Preffure 
of the outward Air, as the Air within them cools? 

Q, 3d. Ir we fhould grant all the reft of the Suppofition, yet this 
Difficulty will remain ; if Clouds are made up of hollow Shells of 
Water filled with Ait, why donot thofe Clouds always expand when 
the ambient Air is rarefied, and _prefies lefs than it did before, and alfo 
fuffer a Condenfation, as the ambient Air is condenfed by the Accumu- 
lation. of the fuperior Air ? , 
‘ Ir this Condenfation and Rarefaction fhould happen to the Clouds, 
they would always continue at the farne Height,: contrary to Obferva- 
tion; and we fhould never have any Rain. 

‘ From allthis it follows, that the Condenfation and Rarefaétion of the 
Vapours, which make Clouds, muft depend upon another Principle if 
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the Condenfation and Rarefaction of the Air: And that there 18 fuch a Le@.X. 


Principle, I foall endeavour to fhew. 
LEMMA, 


The Particles of all Fluids have a repellent Force. 
* Fruips are elaftick or unelaftick: The claftick Fluids have their 
Denfity proportionable to their Compreffion, and Sir L/ac Newton has 
demonitrated, (Princip. Lib. 2. Sect. 5.) that they confift of Parts that 
repel each other from their refpective Centers. Unelaftick Fluids, like. 
Mercury, Water, and other Liquors, are by Experiments found to 
be incompreflible ; for Water in the Fiprentine Experiment could not 
by any Force be compreffed into lef$ room, bat 0oz’d like Dew through 
the Pores of the hollow Silver Ball, in which it was confin’d, when a 


‘Force was apply’d to prefs the Ball out of its fpherical, into a lefs capa- 


cious Figure. Now this Property of Water and other Liquors muff be 
intirely owing to the centrifugal Force of its Parts, and not its want of 
Vacuity ; fince Salts may be imbib’d by Water without increafing its’ 
Bulk, as appears by the Increafe of its fpecifick Gravity. So Metals, 
which (fingly) have a certain fpecifick Gravity beyond which they 
cannot be condens’d, will yet receive each other into their Interftices, 
foas to make a Compound fpecifically heavier than the heavieft of them ; 
as is experienced in the Mixture of Copper and Tin, 


) ScCHOLIUM. 
* By increafing the repellent Force of the Particles, an unelaftick of 
incompreffible Fluid may become elaftick, or a Solid (at leaft a great 
Part of it) may be changed into an elaftick Fluid; and vice vera, by 
diminifhing the repellent Force an elaftick Fluid may be reduc’d to an 
unelaftick Fluid, or toa Solid. ‘That the Particles of Quickfilver, Wa- 
ter, and other Liquors are likewife endued with an attractive Force, is- 
evident from thofe Subftances running into Drops in an exhaufted Re- 
ceiver, as well as in the Air, and likewife their adhering to other Bo- 
dies. ‘The AttraGtion and Repulfion exert their Forces differently : 
The Attraction only acts upon the Particles which are in Contact, or 
very near it; in which cafe it overcomes the Repulfion fo far as to 
render that Fluid unelaftick, which otherwife would be fo; but it does 
not wholly deftroy the Repulfion of the Parts of the Fluid, becaufe it 
is on account of the Repulfion, that the Fluid is then incompref_ible. . 
When by Heat or Fermentation (or any other Caufe, if there be any) 


the Particles are feparated from their Contaét, the Repulfion grows 


© ftronger, 
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Le&t. X. * ftronger, and the Particles exert that Force at great Diftances, fo that 
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Plate 23. 
Fig. 3. 
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the fame Body fhall be expanded intoa very large Space by becoming 


© fluid, and may fometimes take up more than a million of times more 
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Room than it did in a folid or incompreffible Fluid, (See the Queries | 


at the End of Sir J/aac Newton’s Opticks.) Thus is Water by boiling, 
and lefs Degrees of Heat, changed into an elaftick Vapour rare enough 
to rife in Air, Oils and Quickfilver in Diftillation made to rife ina 
very rare Medium, {uchas remainsin the red-hot Retort, and fulphu- 


reous Steams will rife even in an exhaufted Receiver, as the Matter of — 


the Aurora Borealis doesin the thinner Part of our Atmofphere, If 
Aquafortis be poured on Quickfilver, a reddith Fume will rife much 
lighter than common Air ; fo alfo will Fumes rife from F ilings of Me- 
tals, from Vegetables when they ferment by Putrefaction ; and (as the 
Reverend Dr. Hales has fhewn) feveral folid Subftances by diftilling, as 
wellas Fermentation, will gezerate permanent Air. | 

© TuaT Heat will add Elafticity to Fluids is evident from numberle& 
Experiments, efpecially from Dittilling and Chemiftry.. But what is 
needful to confider here is only, that it aéts more powerfully on Water 
than common Air; for the fame Heat which rarefies Air only 4, will 
rarefy Water very near 14000 times, changing it into Steam or Vapour 
as it boils it: And in Winter, that {mall degree of Heat, which in 
refpect to our Bodies appears cold, will raife a Steam or Vapour from 
Water at the fame time that it condenfes Air, een’ 

‘ By a gyeat many Obfervations made by Mr. Henry Beighton, 


F.R.S. and myfelf, upon the Engine to raife Water by Firé: accord-. | 


© ing to Mr. Newcomen’s Improvement of it, we found that the Water 
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in boiling is expanded 14000 times to generate a Steam as {trong (2. e. 
as elaftick) as common Air, which therefore muit be near 16 £ times 
{pecifically lighter. And that this Steam is not made of the Air extri- 
cated out of the Water is plain, becauie it is condens’d again into 
Water by a Jet of cold Water fpouting in it ; and the little Quantity 
of Air that comes out of the injected Water mutt be difcharged. at 
every Stroke, otherwife the Engine will not work well. There is alfo 
another Experiment to confirm this, 


EXPERIMENT. Plate 23. Fig. 3. 
‘ ABCD isa pretty large Veflel of Water, which mutt be fet upon 
the Fire to boil. In this Vefiel muit be fufpended the Glafs Bell E, 
made heavy enough to fink in Water; but put in, in fuch a manner, 


that it be fill’d with Water when upright, without any Bubbles of Air 


at its Crown within, the Crown being allunder Water. As the Water — 
, “ boils, 
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boils, the Bell will by degrees be emptied of its Water, being prefs’d Lect. X. 
down by the Steam which rifes above the Water in the Bell ; but as—v— 
that Steam has the Appearance of Air, in order to know whether tie 
be Air of not, take the Veffel off the Fire, and draw up the Bell by a ~ © 
String faften’d to its’ Knob at top, till only the Mouth remains undet 
Water ; then, as the Steam condenfes by the cold ‘Airon the Outhde 
of the Bell, the Water will rife up into the Bell at F quite to the Top, 
without any Bubble above it, which fhews that the Steam which kept 
out the Water was not Air. 

“N.B, This Experiment fiseceeds bet when the Water bas been jirft 
purg’d of Air, by Boiling and the Air-Pump. 

‘ We know by feveral Experiments made on the F ire-Engine, (in 
Captain Savery’s way, where the Steam is made to prefs immediately 
on the Water) that Steam will drive away Air, and that in proportion 
toits Heat ; though in the open Air it floats and rifes in it like Smoak, 
Now if the Particles of Water turn’d into Steam or Vapour repel each 
other ftrongly, and repel Air more than they sepel each other; Agere- 
gates of fuch Particles made up of Vapour and Vacuity may rife in 
Air of different Denfities, according to their own Denfity, dependant 
on their Degree of Heat, without having recourfe to imaginary Bub- 
bles form’d in a manner only fuppofed, and not proved, as we have al- 
ready fhewn. J own indeed that if the watery Particles had no repel- 
lent Force, they muft precipitate in the Jame manner that Duft will do 
after it has been rasfed up ; but we have too many Obfervations and Ex- 
periments to leave any Doubt of the Exiftence of the repellent Force 
above-mentioned, Neither can I fhew by any Experiment, how big the 
Molecule of Vapour muft be which exchide Air from their Interftices, 
and whether thofe Molecule do vary in proportion to a Degree of Heat 
by an Increafé of repellent Force in each watery Particle, or by a far- 
ther Divifion of the Particles into other Particles Still lefs; but in ge- 
neral we may reafonably affirm, that the Rarity of the V. apour 1s prom 
portionable to the Degree of its Heat, as it happens in other Fluids, 
(/ee Phil. Tranfa&. Numb. 270.) and that though the different Degrees 
of the Air's Rarefattion are alfa proportionable to the Heat 3 the fame 
Degree of Heat rarefies V. apour much more than Air, -* i 
*« Now, to thew that what has been faid will account for the rife of 
‘ Vapours, and Formation of Clouds, we mutt only confider ;——-Whe- 
ther that Degree of Heat, which is known to rarefy Water 14000 * 
Vot. II, Sf ‘ times, 


* As the Digreffion would be too long to men- is expanded 14000 times more than cold Water : 
tion here thofe Obfervations on the Fire=Engine, I refer the Reader to the 6th Se@ion of the 
awhich fhew that the Vapour from boiling Water 2 5¢ Contemplation of Nicaventyt’s a 
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times, being compared with feveral of thofe. Degrees of Heat in Sum- 
mer, Autumn, and Winter, which are capable of raifing Exhalations 
from Water or Ice; the Rarity of the Vapours (eftimated by the De- 
gree of Heat) will appear to be fuch, that the Vapour will rife high 
enough in Winter, and not too high in Summer, to agree with the 
known Phenomena. | : 

‘ That the Effetts are adequate to the Cau/es in this Caf, Ithink Iean 
make out in the following manner, ViZe 9. 3 

© Tue Heat of boiling Water, according to Sir I/aac Newton's Table 
(Phil. Tranjaé. Num. 270.) is 34, the mean Heat of Summer’ 5, 
the mean Heat of Spring or Autumn 3,,.and the leaft Degree of Heat, 
at which Vapours rifein Winter (alias the mean Heat of Winter) is 2. 
The-Rarity of Vapour proportionable to thefe four Degrees of ‘Heat, 18 
14000, 2058, 1235, and 823. The Rarity of Air is, in Summer 
900, in Spring or Autumn 850, and in Winter 800,, the Denfity, of 


Water compared with the above-mentioned, Denfities, being inverfely 


as one to the {aid fore-mention’d four Numbers: The Heights, above 
the Earth to, which the Vapours. will rife, andiat which, they will be 
in.equilibrio, in‘an Air of the fame Denfity with themfelves, will vary 
according to. the Rarity of the Vapour depending on the Heat of the 
Seafon. For the. Vapour which is raifed by the Winter's’ Heat, ex- 
preffed by the Number 2, when the Air's Rarity is 800, will rife to 


| (and fettle at). an. Height of about the fixth of a Mile, when the Ba- 


rometer is above 30. Inches high. . But. if the. Heat be greater, ‘then 
the Vapours will rife, higher, and. pretty much higher, if the. San 
fhines,. though in frofty. Weather, the Barometer being then very high, 
If the Barometer falls, and thereby. brings the Place of Aguslibrium 
(for Vapours raifed by the Heat 2) nearer the Earth, then alfo will the 
Heat be increas’d, the Vapour, more rarefy’d, and confequently the 
new Place of Aigualibrium fufficiently high, It 1s to be obferv’d, that 
in Winter, when the Heat is only, equal:to 2} the Air is denfeft clofe 
to. the. Earth, which has not any. Heat. fufficient, to rarefy it near 
the Ground, as happens in. warm Weather ;. therefore the Vapour will 
rife gradually in an Air whofe Denfity decreafes continually from the 
Earth upwards ; neither will the Vapour be hinder’d of its full Rife; 
by any Condenfation from a greater Cold of the ambient Air, the Air 
being then as cold next to the Ground where the. Vapour begins to rife, 
as it isat any Height from the Earth. 

"FHE 


Philofopher, where he proves by an Expe- pour euhich,. confidering the great Allowances 
riment made with an olipile, that one Inch made againft the Affertion may avell be call’d 
of Water produces 13365 Inches of Var 14000." 
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* Tue Vapour which is rais’d by the Heat of Spring or Autumn, ex- Lec. X. 
“ prefs'd by Number 3, will rife to the Height of 3’ Miles, “when the —~— 
Barometer is at 30, and the Air’s Rarity is 850. But then, as the Air 
is hotter nearer the Ground than at the Height of halfa Mile ora Mile, 
the Vapour will condenfe asit rifes; and as the Air, when the Earth is 
heated, is rarer near the Ground than at fome Height from it, the 
Place of Aquilibrium for Vapour, will, upon thefe two Accounts, 
be brought much lower than otherwife it would be ; ‘ds, for Example, 
to the Height of about a Mile, which will agree with Phenomena. 
“In Summer, the two Caufes above-mention’d increafiig, the Vapour 
rais\d by the Heat’ 5, (whofe Place of 4guzlibrium would be ey 
Miles high, if the Vapour after it began to rife was not condens’d by cool- 
ing, and the Air was denfeft clofe to the Earth) will fettle at the 
Height of about 1 4, or 2 Miles, which is alfo agreeable to Phenomena. 
‘ Lasrty, as the Denfity and Rarity of the Vapour is chiefly owing 
to its Degree of Heat, and in a fmall meafure to the increas’d or di 
minifh’d Preffure of the circum-ambient Air, when it is not confin’d ; 
and the Denfity and Rarity of the Air is chiefly owing to the increas’d 
or diminith’d Preffure, by the Accumulation or Exhauttion of fuperior 
Air, whilft Heat and Cold alter its Denfity in a much lef Proportion ; 
the Clouds made of the Vapours above-mention’d, inftead of conform- 
ing themfelves to the alter’d Denfity of the ambient Air, will rife. when 
it is condens’d, and fink when it is rarefy’d, and alfo rife or fink (when 
the Preffure of the Air is not alter’d, . and its Denfity very little chang’d) 
by their own Dilatation, owing to Heat or Cold; as may be obferv’d 
often, by feeing them change their Height confiderably, whilft the 
Barometer continues exa¢tly at the fame Degree, and the Thermometer’s 
Liquor rifes or falls very little,’.and fometimes notatall- 
“ As for the Manner how Cloudsare chang’d into Rain, I have hinted 
it in the Beginning of this Paper; but for farther Satisfa@tion, I refer 
the Reader to Dr. Halley’s Account: of it, “in the Philofophical Tran/~ 
attions, (Numb, 183.) in. which. I entirely, acquiefce, having always 
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found it agreeable to the Phenomena, i \ : 

* Ir by publithing thefe Thoughts I have explain’d: the Rife of Va- 
pours in.a more fatisfactory. way than ,has been done before ; -or if I have 
only given ufeful Hints to others more capable of doing it, Ihave my 
End, | 
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‘P.S. Since I have for Brevity fake only mention’d at what Heights 

‘ from the Surface of the Earth Vapours.of different Denfities will come 
‘ to an quilibrium, without giving a Reafon for  fettling: the _ 
Sf{2 ‘oO 
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Lect. X. * of Aguilibrium, at thofe Heights ; I think proper to give the Method _ 
tv «here by. which they.are to be found, viz. As the Vapours will fettle 
and rife where the Air is of the fame Denfity with themfelves; it is 
only required: to find the Denfity of the Air at any diftance from the 
‘Earth, at feveral Heights of the Barometer; which, may be deduced 
from Dr, Halley’s two Tables Phil/foph. Tranfad. N°.386, (the firtt 
fhewing the Altitude to given Heights of the Mercury ; and the fecond 
the Height of the Mercury at given Altitudes) and knowing the De- 
grees of Heat by the Thermometer, becaufe the Denfity of the Vapour 
depends upon the Degree of Heat of the Seafon; provided that proper 
Allowances be made for the great Rarefaction of the Air néar the Earth 
‘in hot and dry Weather, and the Condenfation of the Vapours in their 
Rife, by reafon of the Air being colder at a little Height above the 
Earth than juft at the Surface of it,’ 
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ADISSERTATION concerning ELECTRICITY. Writtenin 
the Year 1742. To which is annex’d, A Letter from Prefident B AR- 
BOT, perpetual Secretary of the Academy of Bordeaux, to acquaint 
the Author that his Differtation had won the Prize propofed by that Aca 
demy to be given to the Perjon who should write beft upon that Subject. 


N.B. Ev ery Author of a Differtation on the Subject propofed, 
“writes fome Motto or Sentence, at the bottom of his Difkeretion 3 
“and alfo fends his Name and Titles, together with the fame Motto 
“fealed up, The Academicians firft examine all the Differtations 
without knowing their Authors, and when they have adjudged the 
“Prize to any one of the Differtations, they open the fealed Papers to 
find out the Author, whofé Name has along with it the Motto. of 
x “the Paper winning the Prize, : 
“NV B. FOR the fake of fuch Perfons as are curious to know what 
~ Electrical Experiments have been made ; thofe Places in the Philofo- 
phical Tranfactions of London, and in the Memoires of the Royal 
| Academy of Stiences of Paris, and other Treatifes concerning this 
‘1 Subjeét, are referred’ to, where the Experiments are defcribed at — 


5 


| Jarge, 3) 800 | 


LECTRICITY is a Property of fome Bodies, whereby they — 

alternately attract and repel {mall Bodies when brought near them,° — 

and that at fenfible Diftances, wiz. from a quarter of an Inch to the 
Diftance of two or three Foot, and fometimes beyond, 

| THE 


A Couife of Experimental Philofophy. B17 

Tue firft kind of Bodies in which this Virtue or Property has been Lect. X. 
obferved is the E/ecirum or Amber, for which reafon it has been called ev 
Electricity, which Name has been retained, tho’ the fame Virtue has 
been obferved in a great Number of other Bodies ; as for example, in all 
forts of Glafs, Cryftals, and precious Stones; Refins, Sulphurs, and fome 
Minerals ; dry animal Subftances, and Vegetables (tho’ rarely) but never 
Water and watery Fluids, moift Bodies, and Metals. 

Tue Electricity which is inherent in feveral Bodies is hardly percep- 
tible, unlefs they have a vibratory Motion given to them, by Friction or 
any other means, fo as to caufe them to throw out Efiuvia or Ema- 
nations. 

I pistinGuisu all Bodies into fuch as are Eledtricks per fe (or of 
themielves) and Non-Eleétricks per fe. A Body that is electrick per fe, 
is fuch an one in which Electricity may be excited by fome AGion upon 
that Body, fuch as rubbing, patting, or warming it, and fometimes only 
expofing it to cold and dry Air after it has been covered, ce. A Non- 
Ekérick per fe is a Body which cannot be excited to Electricity by any 
Action upon the Body itfelf. Bat yet Non-Electricks per fe receive E- 
leétricity, when you bring near them Eleétricks per fe in which Eleati- 
city has been excited. In order to know, that Non-Eleétricks have re- 
ceived the communicated Electricity, they muft be infulated, that is, 
they muft not be fufpended from, or fupported by any Bodies but what 
are Electricks per fe; for if a Non-Electrick be touched by another Non- 
Ele¢trick, which touches a third, and fo on; all the Electricity received 
by the firft will go to the fecond, and from the fecond to the third, and 
fo on, till at laft it be loft upon the Ground, or the Earth. But if feveral 
Non-Electricks touching one another, are at laft terminated by Ele@trick 
Bodies, in that refpect they make ‘but one Body, and receive and retain 
Electricity for fome time. 

THERE are feveral ways of finding when Non-Eledtricks have received 
Eledtricity ; (which is generally communicated to them by applying a 
Glafs-Tube, excited by Friction, to one End of thofe Bodies) of which 
here follow a few. If an Iron-Bar be fufpended horizontally by two 
filken Strings that are very dry, and the rubb’d Tube be applied or brought 
near to one of the Ends of the Bar, and then fome Leaf-Gold or Leaf- 

Brafs, or any other light Bodies plac’d upon a fmall Stand be brought 

near the other End, they will be alternately attracted and repell’d by the 

Bar. Likewife if you bring your Face or the End of your Finger near 

the faid End of the Bar ; the ele@trical Effluvia coming out on the fudden 

will make a fenfible Pricking, with a {napping Noife, and produce a Flafh 

of Light that may be feen in the dark. A {mall flaxen Thread Hel a 
oot 
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Lect. X. Foot or two long, fufpended by a Stick, and being brought near the Bar, 
tary eill be attracted by it without deftroying its Eletricity till after fome 
time. That Thread (which we fhall call the Thread of Tryal) ferves to 
find out when the Bar or any other non-electrick Body has receiv’d the 
communicated Electricity. 

A Bopy which is electrick per fe, does not receive this Virtue from an- 
other eleétrick per fe tho’ excited, till it is become a non-eleéfrick ; which 
happens when it is made moift ; and then it will be made electrick only by 
Communication. So that an electrick per fe may become non-electrick ; 
and likewifé a Body non-electrick per fe may become ele&trick by Com- 
munication. 

Tuose electrick Bodies in which it is difficult to excite Electricity, 
may be look’d upon as Noz-Electricks, when their Electricity is not ex- 
cited: and then they will be in the fame condition as Non-Eleétricks 
per fe, and be liable to receive Electricity by Communication in the fame 
manner. 4 

As there are a very great Number of electrick Bodies, which act after 
the fame manner when Electricity has been excited in them, I fhall here 
mention only the Tube of Glafs which is rubb’d by the Hand, referring 
my Reader for the Enumeration of other electrick Bodies, and their Ef- 
fects, to the late Mr. Hawk/bee’s Book of Phyfico-mechanical Experi- 
ments, to the Philofophical Tranfactions of London, to the Memoirs of 
the Royal Academy of Sciences at Paris, and to the other Authors who 
have written upon this Subject. . 

Tue Glaf-Tube commonly ufed in electrical Experiments is about 
three Foot and a half long, an Inch and an half in diameter, and about 
=i of anInch thick, open at both Ends, but fometimes hermetically 
fealed at one End, viz. that which is fartheft from the Hand. Thefe - 
Proportions are not ftri€tly neceflary: only this Bignefs is moft convenient 
for the Hand; and when the Thicknefs is lefs than -2 of an Inch, the 
Electricity is fooner excited by Friction, but it does not laft fo long as 
when the Tube is thicker. You muft hold the open End of the Tube 
(when it has one End fhut) in the left Hand; and it muft be rubb’d up 
and down feveral times with the right Hand, holding dry Paper or dry 
Cloth in your Hand: but the Hand alone is much better, provided it be 
very dry, which feldom happens. It is alfo very proper to warm the 
Tube a little by the Fire to dry it before you begin to rub it; but abfo- 
lutely neceffary to do it when the Airis moift, which is the moft incon- 
venient Weather for making thefe Experiments. Dry and cold Air is the 
moft proper, for then very little Friction is futhcient ; but you: mutt ve 

the 
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the ‘Tube a great while, and the Electricity continues bat a little while Le@. X. 
when the Weather is moitt. ey 
To know whether the Tubs has been rubb’d long enough, and the 
EleGtricity fufficiently excited, you muft ftrike your Fingers crofs-wife 
near the Tube, bat without touching it, at the diftance of about half an 
Inch, and you will hear a {napping from the electrical Effuvia, which 
going from the Tube {trike againft the Fingers and rebound again to the. 
Tube. Then you may be fure that the ‘Tube is in a condition to pro-- 
duce its Effects, being fully prepar’d for making electrical Experiments, 
but you muft not forget to rub the Tube anew (at leaft once) after it has 
been made to {nap in pafiing the Fingers near it: becaufe at the. Place 
where the Fingers pafs’d by and made a fnapping, the Electricity of the 
Tube has been deftroy’d. If you move your Fingers long-wife from one 
end of the Tube to the other (but all the while without touching it) you 
will hear a continued {napping, like a diftant Noife of ‘Thorns burning in 
a Fire. If the Room be darken’d when you make thefe Experiments, 
you will fee Sparks of Light .where-ever the Tube {naps ; -and likewife.a 
Light following the Hand that rubs the Tube, 


Some EXPERIMENTS made with the Tube above defcrib’d, fufficient: to 
Jfeew the Manner in which the Bodies which are electrick per fe, ad. 


_ As it wou’d require a whole Volume to recount all the electrical Ex- 
periments that have been made, and thofe that are made every day; I 
fhall only mention here fome of the moft remarkable Experiments. 
which will ferve to explain the Principles that I lay down; by which one 
may always certainly foretell what will happen to any Body which is.ex- 
cited to Electricity, or any other Body which receives the Electricity com- 
municated from a Body in which EleCtricity has been excited. 


EXPERIMENT I. 

Havine laid fall Pieces of Leaf-Gold or Leaf-Brafs, or any other 
{mall Bodies upon a little Stand whofe Surface or Top was feven or eight 
Inches Diameter, the rubb’d Tube having been brought within a Foot or. 
two of the Stand, the {mall Bodies were alternately attracted and repell’d 
for fome time; and fometimes they were repell’d from the Tube as they 
were coming towards it, even before they had touch’d it, and alfo came. 
back from the Stand towards the Tube without having touch’d the Stand, 
jumping backwards and forwards with great Swiftneis. 


I ExpeRi- 
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EXPERIMENT 2. 

Havine tied a Down Feather to the top of a wooden Broach or 
Skewer of about fix or feven Inches. in Height, and fix’d upright upon a 
Foot ; when you bring the excited Tube near it, all the Fibres of the 
Feather ftretch out towards the Tube; but as foon as you remove the 
Tube, the Fibres of the Feather turn back and ftick {trongly to the 
Skewer. If you bring your Finger near to the Feather while its Fibres 
are tending towards the Tube, being attracted by it, the F inger will re- 
pel them; but as foon as you remove the Tube, they are attracted by the 
Finger. If you cover the Feather with a Glafs Recipient (fuch as are 
ufed on the Air-Pump) that is very dry, the Tube will attract the Fea- 
ther in the fame manner thro’ the Glafgs: and this happens even when 
the Recipient.has been exhaufted of its Air by the Pump. When the’ 


“Tube is rubb’d-near the Recipient, whether it be full of Air or empty, 


the Fibres of the Feather follow the Motion of the Hand along the Tube, 
rifing and falling upon the Broach or Skewer, 


EXPERIMENT 3. 

WitTsour making ufe of the Tube, if you rub the Recipient that 
covers the Feather with both Hands, the Fibres of the Feather will ftretch 
themfelves out towards the Glafs like the Rays of a Sphere. If you rub 
but with one Hand, the Fibres will ftretch themfelves towards that Part 
of the Glafs which is rubb’d: and then when you blow againft the Glaf, 
thofe Fibres will be repell’d notwithftanding the Interpofition of the Gla& : 
which happens alfo when you ftrike the Air with the Hand towards the 
Feather without touching the Recipient. 


EXPERIMENT 4, ; 
AFTER the Tube has been rubb’d, if any Affiftant lets go a Down 
Feather in the Air at the diftance of a Foot or two from the Tube, the 
Feather will jump towards the Tube with an accelerated Motion, and ad- 
here to it for fome time; and then of a fudden it will be repell’d from 
the Tube, and will fly about in the Air in fuch manner, that the nearer 
you bring the Tube to it, the more it will be repell’d, till it has touch’d 


tome other Body ; and then it will be drawn again by the Tube ; which 


after fome time will drive it away again. Sometimes when the Finger is 
held at eight or ten Inches from the Tube, the Feather will jump from 
the Tube to the Finger, and from the Finger to the Tube thirty or forty 
tumes together. 


Ex: 


A Courfe. of Experimental Philofophy. 


EXPERIMENT 5. 

Ir a String of any kind be ftretch’d horizontally, and from that String 
you hang a Thread of Silk about three Foot long and very dry, and to 
the lower End of that Thread you faften a Down Feather; then at the 
Diftance of about two or three Feet hang up another Feather, but by a 
flaxen Thread; the rubb’d Tube being brought near will attraé the firtt 
Feather, which, when it has adher’d to it a little while, will fly from 
the Tube, and then be repell’d by it every time the Tube is brought 
near, till it has touch’d fome other Body, as in the Fourth Experiment; 
and then it will be attracted anew. But the Feather which is fufpended 
by the flaxen Thread will always be attracted at the Approach of ‘the 
Tube, and never repell’d. N.B. If you wet the filken Thread, the Fea- 
ther banging at it will be repell’d no more, but always attratted by the 
Tube. 


EXPERIMENT 6, 


Wuewn the excited Tube is brought near your Face, you will ‘feel 
the electrick Effuvia like {mall Hairs which will ftrike your Eyes and 
Cheeks, draw the Hairs of your Eye-brows, and make a fimall crackling 
Noife, 


| EXPERIMENT 7. enizoi 

Ir you make ufe of a Tube which is hermetically feal’d at one End, 
and has at the other End a Brafs Ferril with a Screw, by which means 
you may pump out the Air from it: If you rub the Tube after you 
have exhaufted the Air, it does not attract any more, nor give any Light 
outwardly ; but it gives much more Light within. Then if, by open- 
ing the Cock a little way which is faftened to the Tube, you let in the 
Air flowly whilft you rub the ‘Tube, the Light diminifhes, and being in- 
terrupted by the Air as it comes in, looks like Lightning at a Diftance, 
till all the Air is come in, and then there is no more Light within; but 
the Light goes all to the Outfide, and the Attraction returns. 


ExPERIMENT 8, | 
Ir upon the Stand mention’d in the Firft Experiment you fet up edge- 
wife two little Boards about nine Incheslong, fix Inches wide, and three 
quarters ofan Inch thick (two{mall Octavo Books will do as well) paral- 
lel toeach other, and about the Diftance of ten Inches afunder ; little Pie- 
ces of Leaf-Gold or Brafs laid upon the Stand between thofe Boards, will 
not be attracted by the rubb’d Tube held near them, till it be brought quite 
Vou. I. Tt between 
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Leé&t. X.' between the faid Boards, as near to the Stand as half the Diftance of the 
~~’ Boards from each other: that is; when the Tube is fo held that a Circle 
defcrib’d round the Axis of the Tube with the Diftance that is between that 
Axis and the Stand, paffes between the Boards or Books without touching 
them, « But.when the rubb’d Tube being held horizontally at the Dittance 
ofa Foot from the Stand, feems to have no Virtue, becaule the Leaf-Gold 
has no Motion: ifan Affiftant fnatches away the Boards all on a fudden, 
the Pieces of Gold will be attraéted and, repell’d feveral times, without 
giving any new Friction to the Tube. 


Lshrioctul a Ls ExPERIMENT., 9. rer 
Wain the Air is very dry, and the rubb’d Tube can attract the Leaf- 
Gold laid ona {mall Stand, tothe Diftance of three Foot or beyond; ifthe 
fame Leaf-Gold be laid upon a Table or any large Surface, you mutt bring 
the excited Tube very near before it can produce its Effect. : 


EXPERIMENT Io. © 

“Witen>the Air is moift, the fourth Experiment does not fucceed well; 
for after the Feather in the Air-has been fome time driven about by the 
Tube, it comes back of itfelf to the Tube without having touch’d any o- 
ther Body; and fometimes after having adhered to the Tube towards the 
middle of it, it flies off of it and comes again immediately to the Tube, 
fticking to that Part of it which is fartheft from the Hand. It happens 
alfo, when itis very dry and the Tube repels the Feather; (after having 
attraéted it) to the Diftance of two or three Foot; that if you wetthe Top 
of the Tube at the End for the Length of fix or feven Inches, the Feather 
will come and ftick to that End of the Tube without having touch’d any 
other Body. | 
aft ois ban . ExPERIMENT Il, 

Havine fill’d with Water a {mall Drinking-Glafs of about an Inch 
Diameter, when you bring the rubb’d Tube near it, the Water rifes in a 
little Hill accumulated at the Edge of the Glafs, fometimes jumping to- _ 

~ wards the Tube ina little Jet, fo fmall that you can hardly fee it, tho’ you~ 
may find the Tube wholly. wet with it, One may alfo obferve that this 
-accumulated Water rifes in the Shape ofa’ {mall Cone whofe Axis is fome- 
times ftretch’d out horizontally towards the ‘Tube, then {naps and falls 
down again flat upon the reft of the Water. If this Experiment be made 
in the dark, a Flath of Light accompanies the {napping. 
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Led. X. 
EXPERIMENT 12. \stieegideigs) 
Ir by means of an artificial Fountain (in which Air is condens’d upon 
the Water to make it {pout) you play a {mall Jet of about the 4oth part of 
an Inch Diameter, upwards or downwards: the rubb’d ‘Tube being 
brought near, the Jet will bend towards the Tube at the Diftance of a 
Foot ; and if the Tube be brought nearer, the Jet being wholly drawn 
away by the Tube, is chang’d into a Dew upon.the Tube, fo that it ad- 
heres tothe Tube in little Drops, provided the Jet be not made to {pout 
with too much Force. ) 
Here follow fome remarkable Effects of Electricity communicated to 
Bodies which are Non-electricks per ie...» | | 


EXPERIMENT 13. eye o 
Havine ftretch’d horizontally a Packthread or hempen String tothe 
Length of about twelve hundred Feet, at the End of which was fut 
ended an Ivory Ball of about an Inch and an half in Diameter ; this 
Ball has drawn and repell’d Leaf-Brafs or Leaf-Gold , when. the rubb’d 
Tube has been brought near the other End of the String: the Thread of 

Trial being alfo brought near to’ the faid Ball was attracted by it. 

_ N.B, All the Supporters of this String muft be Eleétricks per fe,. whe- 
ther they be Hair-Ropes, Fiddle-Strings, or Cat-guts, Ribbons, Strings 
of Silk, Glafi Tubes, long Bodies of Sulphur or of Refin, &c. andall thofe 
Bodies very dry... We {hall; hereafter, call the non-ele€trick Body, which 
being ftretch’d out in length, receives the communicated Ele€tricity, the 
Conduétor of Electricity; and the Bodies on which it refts, or from 

which it is fufpended, the Supporters of the Conductor of Electricity. 


sudo’ EXPERIMENT I4. . pA1a 
» Ir you wet the. Conductor of Electricity, the Experiment will fucceed 
the better ; but you muft take care not to wet the Supporters: for if the 
leaft of the Supporters, for exanrple the firft, be wet, it becomesa Non- 
elecirick, and thereby conducts the Electricity that comes to it to the 
Body which it touches, and from thence to the Ground, where it is loft, 
not fuffering it to go any farther upon the ConduGtor., If you examine 
the Supporters by bringing the Thread of ‘Trial near them, you will find 
them to be eleétrick about five or fix Inchés on each fide of the Con- 
ductor, more or le{s as the Airis more or le{$ moift ; the Supporters being 
as it were faturated with the communicated EleCtricity in a little fpace near 


the Condudor, . | 
. Tt 2 EX PERI- 
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EXPERIMENT I5. 

Ir inftead of ftretching the Conductor at length, you carry it back. 
wards and forwards upon the Supporters feveral times in parallel Lines, 
provided thofe Lines be diftant enough from each other, (for example, 
about three Feet diftant) the communicated Electricity will run as far 
backwards and forwards 4s if the String had gone ftreight on, and will 
give as much Virtue to the Ball at the End of the Conductor. 


EXPERIMENT 16. : 
Ir the Conduétor is ftretch’d out in the Formrof a Star, the electrica 
Virtue will be perceiv’d at all the Points of it. For example, if the Con- 
dué€tor be ftretch’d from the firft Supporter about forty Feet in length, 
and then divided into five Branches of twenty Feet long each, feparated 
from each other in the manner of a Star, with a Ball at the End of each 
String or Point; when you bring the rubb’d Tube near the beginning of 
the Conduétor, you will find by Threads of Trial that all the Balls have 
receiv’d the Eleétricity at the fame time. id 


EXPERIMENT 17. | : 

Havine fupported, or fufpended by eleétrick Bodies, an Tron Bar 
nine Feet long, which had three Branches pointed at the End at the 
Diftance of two Feet from each other, the Electricity communicated 
from the Tube at the other End, was felt at the fame time by the Cheeks 


‘of thtee Perfons which brought their Faces near the three Points, by a 


ffapping Noife, a Pricking, and a Flath of Light feen in the dark.” 


EXPERIMENT 18. 


Havine fufpended a Man horizontally (as in a {wimming Pofture) 
by two Hair Ropes, that Man becomes a Condudtor of Electricity. | That 
which he receiv’d by the Approach of the rubb'd Tube brought near 
the Soles of his Feet, made him ftrongly attract the Thread of Tnal 
and Leaf-Brafs with his Head and his Hands; and likewife with his Feet, 
bat very weakly, But when the Tube is brought near his Head, then 
his Feet attra very ftrongly. Then if the Man (when the rubb’d 
Tube is brought back to his Feet) holds out his Finger near the Face of 
any Perfon ftanding by, a Flafh of Light will fly from the Finger, a 
fnapping Noife will be heard, and both the Man on his Finger, and the 
Afiftant on his Cheek will feel a Pricking at the fame time. In the | 
fame manner, if any one moves the Hand crofs-wife near the Arms or 
Legs of the Perfon fufpended, they will both feel the fame Pricking ; 

an 
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and if one puts an Iron Bar near the Perfon fufpended, he will hear the Le@. X, 
Snapping, and feel the Pricking. What is remarkable, is, that if the ~v-—~ 
Man hanging horizontally has on a Cloth Coat that is quite dry, you will 

feel no pricking when you pafs your Fingers near the Coat, and the 

T 25 ng of Trial will be but weakly attracted by it, nay fometimes not 

at all. 

N.B. Any other Animal.fufpended will produce the fame Effect. 


EXPERIMENT IQ. 

Tue Electricity receiv’d by the Conductor advances from one End of 
it tothe other ina kind of cylindrick Vortex, asmay be feen by the fol- 
lowing Experiment. Having carried a Packthread Conductor of Elec- 
tricity thro’ the middle of a wooden Hoop fix’d vertically upon an open 
Glafs Cylindrick Recipient, its Plane being at Right-Angles with the 
Packthread : when you bring the rubb’d’'Tube near to one End of the Pack- 
thread, not only the Ball at its other End becomes electrick, but alfo the 
whole Circle or Hoop, tho’ fix Feet diftant from the Ball; for the faid 
Hoop attracts the Thread of Trial by all its Parts. 


EXPERIMENT 20. 

Havine fufpended the before-defcrib’d artificial Fountain, by Fiddle- 
Strings, and having open’d its Cock to make its Jet play, horizontally, 
or obliquely, or vertically upwards or downwards ; if the rubb’d Tube be 
brought near the Body of the Fountain, the Electricity will be communi- 
cated to the whole Jet, which will then in every part of it attract the 
Thread of Trial; the Jet becoming then a Conductor of Eleétricity. 


EXPERIMENT 21, 

Ir you fufpend two or three Iron Bars in the fame horizontal Line, 
at the Diftance of fix Inches from one another, the Electricity commu- 
nicated by the rubb’d. Tube to the End of one of the Bars will go on | 
from the one to the other quite to the End of the laft Bar, where a 
Pricking will be felt, a Noife heard, and a Flath of Fire feen. If the 
Air is dry, the Electricity will jump from one Bar to another at a greater 
Diftance ; but in moift Weather the Bars muft not hang above an Inch 
diftant from each other, 


EXPERIMENT 22. 

Havine by a Fiddle-ftring fufpended a Bough of a'Tree which had 
about four or five hundred Leaves, upon the Approach of the rubb’d 
Tube all the Leaves attracted the Thread of Trial. a pape 

retch’ 
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Lect. X. ftretch’d a Rope from that Bough to another fufpended in the fame 
manner at the Diftance of thirty Feet from the firft: the Tube brought 
to one of the Boughs gave EleCtricity equally to the two. Afterwards 
fubftituting a very {mall flaxen Thread, inftead of the Rope, from one 
Bough to the other; the Eleétricity was. communicated as eafily as 
before. 


Ex PERIMENT 23. 

WueEn a {mall String of white Silk of about the fame Size as the 
flaxen Thread, was ftretch’d from one Bough to the other, the Electri- 
city nbinntimicanadl to one Bough did not go to the Schone but having 
wet the Silk, it conduéted the Eleétricity to the other Bough as = as 
the flaxen Eincosidhch 


EXPERIMENT 24. | 
Havinae mix’d Bees-Wax with about eight. times its Quantity of 
Refin, to hinder. it from being brittle, and having melted and caft the 
whole in a round Mould of about ten Inches Diameter arid three Inches 
deep, fpreading from the Bottom upwards, a Cake was made, which 
when cold appear’d to be a Body eleCtrick per fe. ‘This Cake being 
warm’d, rubb’d, or patted with the Hand, attracts the Thread of Trial; 
and fometimes does the fame without any thing being done to it, but ex- 
pofing it tothe Air. If you fet this Cake on the Ground, anda Man 
{tands upon it, {tretching out his Arms horizontally, when the rubb’d 
Tube is applied to one of his Hands the whole Body of the Man will be 
impregnated with Electricity; but that Virtue will be moft fenfible at 
that Part which is moft diftant from the Tube, which is the Man’s op- 
pofite Hand; to which if.an Affiftant bring his F Face near, he will feel 

the Pricking, fee the Flath of Fire, and hear the Snapping ; the Man, 
render’d electrical, feeling, feeing, and hearing the fame. ‘If another 
Man ftanding upon another Cake of Refin (or a Cake made of Sulphur, 
or any other Subftance that. is electrick per fe) at a diftance, as for ex- 
ample, at thirty Feet from the firft Man, holds in his Hand the End of 
a Packthread, or any other non-electrical String, of which the firft Man 
holds the other End ; the Electricity communicated to the frft Man by 
the Application of the rubb’d Tube, will be communicated to the fe- 
cond, who makes it be felt by thofe that come near his Hand that is 
moft diftant from the Tube. But if the leaft flaxen Thread falls from 
the Packthread, or from the Clothes of either of the Men, fo as to touch 
‘tthe Ground, the Electricity will not go beyond that Thread ; but run- 
ning down in that Place along the Thread, is-loft upon the Ground or 
the 
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the Earth, If /fifty’Men ftand upon as. many eleétrical Cakes, commu” Le@. X. 
nicating one with another by their Hands, or by any Non-electricks, the <7 
Jaft will be ftrongly impregnated with the Eleétricity that the rubb’d 
Tube gives to the firft. 

N. B. ‘Tuts.has been try’d with a dozen Men; and it isnot known 
how far this communicated Ele¢tricity may be carried, 

Evectrricxs per fe, whilft they are in a State of Electricity, can re- 
ceive no communicated Electricity (or receive but very little of it at their 
Ends) from the Tube or other Electricks per /e excited and cannot then 
become Conductors of Electricity: but it is eafy to change them into 
Non-electricks, and then they will become Conductors of Electricity like 
others, bf | “ 


Lhe following EXPERIMENTS fhew how Electricks per fe become Non- 
eleétricks. 

Havine fufpended horizontally by dry Silks a Glaf&-Tube fix of 
eight Feet long, alfo very dry, at the End of which is faften’d an Ivory- 
Ball, you cannot give that Ball any Electricity by applying the rubb’d 
Tube to the other End of the fufpended Tube: but as {oon as you. wet the 
fufpended Tube from one end to the other with a Spunge, that Tube 
conducts the Electricity, and the Ivory-Ball attraéts, 


4 | EXPERIMENT 25. 

As it has been fhewn that communicated Electricity, as it is conducted, 
jumps from one non-electrick Body to another ; it is not neceflary that 
the Moifture of the fufpended Tube fhould be continuous: for after, the 
Tube has been well dried, if you fufpend it anew, and find that it cannot ° 
receive or condué any more Electricity, you need but to blow thro’. it 
with your Mouth, and the Moifture of your Breath will render it non- 
electrick, whereby it will again receive and conduct Eledtricity, the 
Ivory-Ball acting upon {mall Bodies as before. Sometimes the changing 
of Bodies from electrick into non-eleftrick happens only by the changing 
of the Condition of the Air, when from being dry it becomes moift. 


EXPERIMENT 26. | 
Havine ftretch’d a Packthread Conductor of EleCtricity,to.a Length 
of twenty Feet, upon three eleétrical Supporters; of which the middle 
one was a Stick of Sealing-wax, the Electricity receiv’d from the rubbd 
Tube applied to one end of the Conductor, appear’d at the: Ball fufpended 
at the other end: but when inftead of the Ball the Stick of Wax) that 
had been ufed as a Supporter was fufpended at the end of the Suing: ie 
Threa 
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Le&. X. Thread of ‘Trial has not been attracted by this fufpended Wax, except at 


ern teed 


jts upper end joining to the Packthread ; but upon wetting the Wax, it 
attraéted the Thread of Trial ftrongly in all its Length. Then replacing 
the Ball, and reftoring the wet Wax to its Place where it was before a 
Supporter of the Conductor of Electricity, the communicated Eledtri- 
city was ftopp’d at the Wax, and would go no farther till the Wax was 
dried. 

TueEre are Bodies which one would take for Non-electricks per /, 
becaufe every time they are fufpended by electrick Bodies, they receive 
(and become Conductors of) the Electricity communicated by the ex- 
cited Tube: but if you dry them well at the Fire; and rub. them very 
much, they may be made electrick. 'Thefe Bodies, and thofe which 
from being ftrongly electrick are become non-electrick by Moifture, will 
indeed receive Eleétricity from the rubb’d Tube, and conduét it to their 
Ends, but in lefs Quantity, and do not accumulate it fo ftrongly as the 
Non-eleétricks per /2. This is the reafon that we fee lef Light at the 
End of a wooden Bar than at the End of an Iron one; and that we. 
hardly feel any pricking at the End of the firft, tho’ both have receiv’d 
their Electricity from the fame Tube. 

Ir has been thought that Animal Subftances were eleGtrick, and Ve- 
getable Subftances were not ; becaufe thofe that made the Experiments 
have generally fucceeded in making ufe of Animal Subftances for Sup- 
porters, and Vegetable Subftances for Conductors of Electricity : but what 
is true in that Suppofition, is only, that becaufe Silks, Fiddle-ftrings, 
Strings of Woollen, or Hair, are very dry Subftances; and Vegetables 
are ufually moift. For if you wet thofe Animal Subftances, they all -be-— 
come non-electrick, and can no more ferve as Supports for the Con- 
ductors of EleCtricity, but will receive it when communicated, and con- 
duct it. Likewife when the Packthread which is ufually made ufe of to 
conduct Electricity very far, has been rubb’d over with Glue, and is 
very dry, it receives Electricity no longer, till you wet it to make it be- 
come non-eleétrick.. A Man, or any other Animal upon a Cake of Re- 
fin, or fufpended by Strings of Hair or Silk, is always non-eleétrick ; 
but is only fo becaufe he always has Moifture: for when his Cloaths are 
dry, they are electrick per fe, and therefore do not {nap, See the 18th 
Experiment. | 

WueEn weconfider the different Circumftances of feveral Electrical 
Experiments, there feems to be a fort of Capricioufnefs, or fomething un- 
accountable in thofe Phenomena, not to be reduc’d to any Rule. For 
fometimes an Experiment which has been made feveral times fucceffively, 
all at once will fail; or have a quite contrary Succefs, tho’ the Circum- 

set {tances 


s 
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{tances feem to be the fame. But I hope that the Conclufions which I Le&, X. 
have drawn from the Confideration of feveral principal Experiments, are “v4 
fo general, that they will ferve as Rules to explain all the Oddnef§ which 
feems to accompany the electrical Experiments, and to foretel certainly 
all that muft happen in the Approaches and Combinations of Bodies in 
tefpect of Electricity excited, or receiv’d by Communication. Before we 
give Examples of the Explication of the moft remarkable Phenomena, 
we muft make mention of fome Experiments, from which, among 
others, are deduc’d two other general Propofitions to be added to what [ 
have faid of Electricks per /e, and of Non-electricks per /2; and of the 
manner that the one and the other acquire or lofe Electricity. 


ExPERIMENT 27. 

Havine fufpended horizontally by two filken Threads, about four 
Feet long each, a {mall Glafs-‘Tube very dry and a little rubb’d ; if you 
apply to it long-wife the great rubb’d Tube, it will repel the little 
Tube till its Silks become inclin’d to the Horizon from being perpendi- 
cular before. ‘Then having wet the little Tube, when you bring the 
great rubb’d Tube near it, it is attracted by the great ‘Tube till its Silks 
are remov’d from the Perpendicular inclining near to the great Tube. 
From this Experiment, and many others of the fame kind, may be con- 
cluded, that Bodies which are electrick per /e, being excited to Eleétri- 
city, repel all other Bodies that have Electricity ; but attract them as 
- foon as they have loft their Eletricity, and fo vice ver{d. 


EXPERIMENT 28. 

Havine fufpended a Down Feather by a filken Thread, as in the 
fifth Experiment, Sealing-wax well.rubb’d produces the fame Effect as 
the Tube, but more weakly, drawing the Feather; and when once it is 
feparated from the Wax, the Wax repels it continually, till the. Feather 
has touch’d fome other Body. But. what is different here, 1s, that when 
the Feather is in a State of Repulfion in refpect of the Wax, the rubb’d 
Tube attracts it ; and when the Tube has given the Feather its repulfive 
State, then the rubb’d Wax attracts it: which thews that the Electricity 
of Glafs is different from the Electricity of Wax. ‘The late Mon/. du 
Faye, Intendant of the King of France’s Gardens at Paris, was the firft 
that obferv’d that there are two forts of Electricity; and ina Memozre 
where he fpoke of it, he fhew’d the way of finding what kind of Elec- 
tricity belongs to any electrick Body whatever. 


Vou. II. Uu To 
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Let. X. To fhewthe Ufefulnefs of thefe Rules, Laws, or Principles of Elec- 
v= tricity, we will make ufe of them to explain the odd Circumftances of 

fome Experiments : as, for example, 

i?, Wuy don’t we feel a pricking on the Eyes when the rubb’d 
Tube is brought near to the Face; fince the Ends of the Finger of a 
Man made electrick, or of an Iron-Bar made electrick, makes the Face 
that is brought near it feel very fenfible pricking? 

Anfwer, Because the electrical Efluvia coming from the Tube to 
the Face, are only thofe which come from that Part of the Tube which 
is brought near the Face; whereas the Bar gives accumulated Effluvia of 
the Electricity which it has receiv’d from all its Length, and from the 
Tube at feveral Applications, 

2°, WuaT is the Reafon that the Feather which, having been at- 
tracted by the Tube, is feparated from it, and then always repell’d till it 
has touch’d another Body ? 

Anfwer, Because Eleétricks repel one another. For which Reafon 
the Feather, as foon as it has been impregnated with the Eledtricity of the 
Tube, is driven from it; which continues as long as the Feather keeps 
its Electricity, which it lofes as foon as it has touch’d another Body ; 
then being again become non-electrick, the ‘Tube attracts it anew ; thus 
alternately receiving and lofing Electricity, it jumps feveral times from 
the Tube to the Finger, and back again. See Experiment 4. 

3°. WuaT is the Reafon why this does not happen when the Air is 
moift ? 

Anfwer. BeCcAusE the Feather being become electrical, draws the 
moift Particles that {wim in the Air, and thereby lofing its Electricity, 
is again attracted by the Tube. The Tube alfo at the Place which.has. 
been the leaft rubb’d lofes its Electricity by the moift Particles which it 
draws out of the Air, and becoming non-eleétrick in that. Place (as it 
happens when it is made wet on purpofe) draws the Feather before it has 
loft its Electricity. 

4°. WHENCE comes it that a Conductor of Electricity does fome-. 
times, without changing any thing, lofe its Virtue, and ceafe to conduct 
Electricity, tho” you continue to rub the Tube at one of its Ends? 

Anfwer. Because fome one of the Supports of the Conduétor has 
imbib’d the Moifture of the Air, by which it is become non-ele¢trick. 
This has happen’d to me in making ufe of a long Piece of Hat by way of 
Support, one Day that the Weather was moift. This Lift of Hat, hav- 
ing been warm’d, fupported the Conductor well and effectually; but in 
half'an Hour having imbib’d fome Moifture from the Air, it ftopp’d i 

| | shade ‘oeihe Courfe 
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Courfe of the Electricity. When we make ufe of GlaG-'Tubes for our 
Supporters, this happens fometimes if the Air be very moift, 

5°. WuENCE does it happen that the Feather on the Skewer ot 
Broach of Experiment 2. ftretches out its Fibres, feparating them from 
each other by the Attraction of the Tube, and that the Finger repels 
them when the Tube is brought near to the F eather, but attrads them 
when the Tube is removy’d ? 

Anfwer, Tue Fibres of the Feather extend like the Rays of a Sphere, 
becaufe being become electrick they repel one another. The F inger ree 
pels them becaufe it’ reccives Electricity from the Tube; but when the 
Tube is remov’d, the Finger lofes its Electricity, and then it draws the 
Feather, which is ftill eleGtrical. 

6°. WuHENceE does it happen that in the eighth and ninth Experi- 


ments the rubb’d Tube attracts the Pieces of Leaf-Gold or Brafg much. 


farther, when they are laid upon an infulated Stand, than when they 
are laid upon a Table, or when they are thut up on two fides upon the 
Stand by Books or Boards fet edge-wite. 


Anfwer. Because the eleétrical Effluvia flying off from the Tube. 


return again in a Circle towards it, and carry with them all the little 
non-clectrick Bodies which they meet in their way at their Return; but 
‘if thofe non-electrick Bodies are too heavy to be brought towards the 
Tube, the electrical Effluvia adhering to them, and: fliding along thofe 
Bodies, lof themfelves when the Bodies are not infulated, or terminated 
by Electricks : but when they are, the Eleétricity or eleGtrick Effluvia 
accumulate at the Ends of thofe Bodies. which are the fartheft from the 
Tube. N.B. The Tube attracts the Feather when it is cover'd with a 
Glafs Recipient, becaufe the electrical Emanations like Light (of which 
they feem to participate) eafily penetrate electrick Bodies which do not bin- 

der their Circulation. | 
For want of having eftablith’d Rules (that is Principles deduc’d from 
Experiments) by which one may explain the moft odd Phenomena, 
People have imagin’d feveral Properties to belong to the Electricity of fome 
Bodies, which at laft Experience has difprov’d. As for example, That 
Bodies of different Colours receiv’d more or lef Electricity ;_ which. hap- 
pen’d only becanfe when the Experiment was firtt try'd, forne. happen’d 
to be more or lefs moift than others. It has alfo been thought by fome, 
that fmall eleCtrick Bodies {ufpended by a fine Thread citculated’ sound 
a Ball of Iron laid upon a Cake of Refin, after the manner of the Planets 
round the Sun ; which only happen’d becaufe the Man that made the 
Experiment had a great mind that the Thing fhould be fo, and commu- 
hicated that Motion to the little Body fufpended without knowing aes 
Uu 2 C 
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Lea. X. he did it: for this.did not happen to any other Perfon that held the 

womy—e Thread and pendulous Body without the fame Inclination. The fame 
may be faid of feveral other Circumftances which are not worth men- 
tioning. 

Te seey I have not endeavour’d to guefs at the Caufe of Eletricity, 
ot its Ufe in the phyfical World ; not having Phenomena to eftablifh them 
fufficiently, I hope to have fatisfy’d the Gentlemen of the Academy as 
to what they can.expeCt upon this Subjeét, in giving Rules or Principles 
to explain or account for the electrical Experiments that have been made » 
hitherto, and perhaps fuch as may be made hereafter. 

Yer if Conjectures are defir’d, here follow fome: 

I Suppose Particles of pure Air to be electrick Bodies always ina ftate 
of Eleétricity, and that wztreows Electricity. 

if, Because Particles of Air repel one another without touching, as 
has been deduc’d from Experiments and Obfervations, | 

adly, Because when the Air is dry, the Glafs Tube rubb’d (or only 
warm’d) throws out its Efuvia, which the Air drives back to the Tubes 
from whence they dart out anew, and fo move backwards and forwards. 
with a vibratory Motion, which continues their Electricity. | 

3dly, Because the Feather made electrick by the Tube, and darted 
from it, keeps its Electricity a long time in dry Air; whereas when the 
Air is moift, the moift Particles which are non-eleétrick, floating in the 
Air, and being attracted by the Feather, adhere to it, and foon make it 
lofe its EleGtricity; which alfo happens even to the Tube in a little. 
time. 

From this Confideration it will be eafy to account for a famous Expe-: 
riment of the late Mr. Hauk/bee, which is this: -———— 

Havine pump’d out all the Air from a Glafs Globe, he caufed it to 
turn on its Axis very fwiftly by means of a Rope with a Wheel and 
Pulley; then rubbing the Glafs with his Hand during its Motion, there 
appeared a great deal of Light of a purple Colour within the Globe,. 
without any Light or Attraction obferv’d on the Outfide of the Glafs, 
which is obferv’d when the Air has not been pump’d out. Then turning, 
the Cock fo as to re-admit the Air gently into the Globe~during its Motion, 
the Light was broken and interrupted, diminifhing gradually, till. at laft 
it appear’d only 6n the Outfide of the Glafs, where. it was accompanied. 
with Attraction. Does it not appear to be, that at firft the external Air, 
by its Eleétricity, drives back the ele¢trick Effuvia of the Glafs, which go 
then to the Infide of the Globe, where there is the leaft Refiftance? For 
we obferve that as the Air comes in, it repels the electrick Effluvia, that 
go inwards no longer when all the Air is come in. If the Fact be.fo,. fi 

the 
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the Experiment fhews, is not my Conjecture prov’d, uzz. that 2be Air is Lea. X. 
Eleétrical ? | a 

In the Reverend and Learned Dr. Hales’s Vegetable Staticks, feveral 
of his Experiments thew, that Air is abforb’d, and lofes its Elafticity by 
the Mixture of fulphureous Vapours, fo that four Quarts of Air in a Glafs 
Veffel will, by the Mixture of thofe Effluvia, be reduc’d to three. Will 
not this Phenomenon be explain’d by the different Electricity of Sulphur 
and Air? The Effluvia of Sulphur being eleftrick repel one another : 
and the Particles of Air being alfo electrick, do likewife repel each other. 
But the Air being electrical of a vitreous Electricity, and Sulphur of a re- 
finous Electricity, the Particles of Air attract thofe of Sulphur, and the 
Molecule compounded of them becoming non-eleétrick lofe their repul- 
five Force. . 

Ir has for a great while been thought that watery Vapours that rife in 
the Air to form Clouds, ufed to rife, becaufe the Water which is of itfelf 
fpecifically heavier than Air, (being form’d into little hollow Spherules or 
Bubbles fill’d with an ura, or thinner Air than the ambient Air) in this 
new State made a Fluid of little Shells {pecifically lighter than the am- 
bient Air in which it muft rife like Smoke; but Philofophers are no 
longer of that opinion; and. fuch as have implicitely come into it, may 
find it refuted in the Philofophical Tranfactions, Numb. 407. 

Now may not this Phanomenon of the Rife of Vapours depend upon: 
Electricity in the following manner? 

Tue Air which floats at.top of the Surface of the Water is electrical, 
and fo much the more as the Weather is hotter. Now in the fame manner 
as finall Particles of Water jump towards the electrick Tube, may not 
thefe Particles jamp towards the Particles of Air which have much more 
fpecifick Gravity than very {mall Particles of Water, and adhere to them? 
Then the Air in Motion having carried off the Particles of Water, and 
driving them away as foon asit has made them electrical, they repel one 
another, and alfo the Particles of Air. ‘This is the reafon that a cubic 
~ Inch of Vapour is lighter than a cubic Inch of Air; which would not 
happen if the Particles. of Vapour were only carried off in the Interftices: 
of Air, becaufe then a cubic Inch of Air loaded with Vapour would be 
made fpecifically heavier than an Inch of dry Air ; which is contrary. to- 
Experiments, which. fhew us by the Barometer, that Air which. is moutt. 
or full of Vapours, is always lighter than dry Air, 
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——v——_ Concerning the feveral AuTHORS who have treated of 
et Rao ae 


Tue Electricity of Amber, precious Stones, and fome few other Bo- 
dies, was known long ago, and has been mentioned by feveral Authors, 
fach as Gaffendus, Gilbert, Digby, Sir Thomas Brown, and many others ; 
but as what has been faid by many Authors that have written long ago, 
has been repeated by others, I fhall not mention feveral that have {poken ~ 
fuperficially on the Subject, and written about it when but few eledtrical 
Phenomena were known. 

Tue firft worth mentioning particularly is Mr. Boyle, in whofe Books 
you will find an account of feveral Phenomena of Electricity. See Dr. 
Shaw's Abridgement, Vol. 1. from Page 397, to Page 510. 

THe next was Mr. Francis Haukfbee, F. R.S. who madea great many 
new Experiments on the EleCtricity of Glafs, Amber, Sealing-Wax, and 
feveral other Subftances, and their Production of Light upon their Attri- 
tion in the Dark ; whether 2” vacuo, or in the open Air. See his Book 
of Phyfico-Mechanical Experiments, printed at London in the Year 1709 ; 
from Page 17, to Page 69. From Page 109, to Page 127.—— And 
from Page 131, to 139. 

AFTERWARDS Mr. Stephen Gray made feveral new and furprizing 
electrical Experiments, and purfued his Enquiries and Experiments for 
feveral Years till he died in the Year 1736: An Account of which may 
be found in the Philofophical Tranjactions, N° 366. N° 417. N° 422. 
N® 434. N° 436. N° 439. N° 441. N° 444. 

Mons. Du Faye alfo made feveral new and curious Experiments upon 
this Subject, to be met with in the Hiffory and Memoirs of the Royal 
Academy of Sciences at Paris, for the Years 1733, 1734, and 1735 and 
in our Philofophical Tranfactions of London, in a Letter that he wrote to 
his Grace the Duke of Richmond, N° 4at. 

SEVERAL Perfons in their Philofophical Works have quoted fome of 
thefe Experiments, but none fo fully as that ingenious and accurate Phi- 
lofopher Petrus van Mufchenbroek, Profeflor of Experimental Philofophy 
and Mathematicks at Leyden; who has written a whole Chapter about it 
in his Effays de Phyfigue, 8c, imprimés a Leyden chez Samuel’ Luchtmans 

1739. See the 17th Chapter of -his firft Volume, from Page 254, to 
Page 272; where he gives a very particular account of moft of the elec- 
trical Experiments made within thefe twenty Years, till the Time that he 
writes ; except {uch as had not been made, or had not been publithed 
beforg that Time, © 
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Tue reft of the electrical Experiments made fince Mr. Stephen Gray’s Le&. X. 
Death were made by Granuil Wheeler E{q; mentioned in the Philofophi- eed. 
cal Tranfattions Nea 533 and by mylelf Ne 4c4. and N° 4623 befides. 
fome others, which I lately fhewed the Royal Society: An Account of 
which is not yet publifhed, but will be in the Tranfaétions this Winter, 
Indeed a few electrical Experiments, made by Mr. Gray and my felf 
many Years ago, are mentioned in the Firft Volume of my Courfe of 
Experimental Philofephy, from Page. 17, to Page 21. 


4A LETTIER from Prefident BARBoT, &e. to 
Dr. DESAGULIERS, &e, 


* A Monsieur, 


* Monsieur le Dotteur Defaguliers, Chaplain de fon Alteffe Royale le. 
_ £ Prince de Galfes,, Membre de la Societé Royale de Londres,. 


Sif. £ ON: D RES. 


| * Bordeaux, 3 Aouf? 1742. 
© MonSIEUR; ; 
€ YE vous apprends avec bien de la joye que l’Academie de Bordeaux 
4 J vient de donner le Prix a la Differtation que vous luy: avés En- 
* voyee fur PElectricité, ce qui a pour devile, Sero /apiunt Phryges. Cét 
* avantage eft d’autant plus flateur que vous l'avés remporté fur un trés 
« grand Nombre de Rivaux. 

“ Comme ce Prix confifte en une Medaille d’Or, je vous prie de char- 
* ger quelqu’un a Bordeaux de la recevoir en votre Nom & d’en donner 
“une quittance valable. Je fuis ravy Monfieur d’étre le premier a vous 
“ proclamer vainqueur, j’auray Vhonneur de vous envoyer des Exem- 
“ plaires de votre Differtation defqu’elle fera imprimée. Je ne doute pas 
que le Public ne la life avec le méme gout que nous l’avons Couronnée, 
* Vous l'avés accoutumé depuis long-temps a recevoir tous vos Ouvrages 
* avec applaudiffement. J’ay ’honneur d’étre avec une parfaite Eftime 8 
© un Attachement refpeCtueux, 


“MonsiEuR, 
‘ Votre tres-humble & tres-obeiffant Serviteur 
BR Ai RyBvOun: 
© Mon 
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Le&. X. § Mon addreffe eft 4 Mr. le Prefident BARBOT, Secretaire per- 


LF petuel de l’Academie de Bordeaux, fur les foffes du Chapeau Rouge, a 
© Bordeaux.’ 7 


ADISsERTATION on the Caufe of the Rife of Vapours and Exbalations 
in the Air. By J.¥.D. LL.D. FR.S. &c. 


en dha Difficulty of the Problem concerning Vapours (or moift Exhala- 
tions) feems to confilt in this ; that fince Water isa Fluid 8 or 9 hun- 
dred times heavier than Air, and confequently takes its place under the Air, 
when thofe two Fluids are free, how.comes it to pafs that Water flould 
fo expand it felf as to become another Fluid lighter than the Air which 
is neareft to the Earth, in which it rifes: and that this new Fluid having 
different {pecifick Gravities remains fufpended at different Heights in the 
Air, according to the Air’s different Denfities, changing its Place with the . 
Air, and its Height as the: Air changes its Denfity: and yet this Fluid 
does not ceafe to be Water; as may be feen by the Formation of Rain 
when the Particles of Vapour or of this new Fluid reunite and fall upon 
the Earth, or run down the Sides of Mountains, which they meet in 
their Motion, and by ftriking againft them are brought nearer together 
fo as to be reunited into. Water. ? 

As to what relates to Exhalations (which I beg leave to call dry Va- 
pours, or Emanations without Moifture) there is lefs difhculty to explain — 
their Rife, whofe Caufe is pretty near, tho’ not abfolutely, the fame, as 
that of the Rife of watery Vapours. 

Lw order to explain the Phenomena of Nature, we muft admit no 
Caufes but fuch as really exift, and which are fufficient to produce the — 
Effects afcribed to them: for without this, however ingenious an Hypo- 
thefis may be; he that makes it, has but only fhewn how Nature may — 
have operated, but not how it has really acted. 

Tuo’ we fhould be ignorant of the Caufe of the Caufes whofe Effects 
we explain, we fhould not reafon the lefs juftly, provided thefe laft Caufes — 
do aétually exift: and it has been an unfair Objection againft the New-_ 
tonian Philofophers to fay, that they wanted to readmit the occult Qua- 
lities of the Ancients, long exploded, by {peaking of ‘Attractions and Re- — 
pulfions : becaufe thofe are not really occult Qualities; but vifible and 
evident Qualities, (tho’ their Caufes be occu/t) which produce their Ef- 
fects regularly, 
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Le&. X, 
An Exphication of the Principles that we fball make ufe of in our Differ. <4 
| tation, with the Proof of their Exiftence. 


1. THE Particles of Water have a repulfive Quality of immenfe 
Force, 

THIs is prov’d, becaufe all the Experiments that have been tried to 
comprefs Water into a lef$ Bulk, have never been able to do it. Among 
other things, a Sphere of Silver has been fill’d with Water, and the Hole 
{crewed up; then this Sphere has been powerfully comprefs’d with En- 
gines to make it lofe its {pherical Figure, thereby to diminith its Contents, 
and fo condenfe the Water: but the Water, inftead of yielding to this 
Compreflion, ooz’d out thro’ the Pores of the Silver in the Form of Dew, 
It is not for want of Interftices or Room to retire, that Water can’t be 
comprefs’d ; becaufe the Diffolution of Salts in Water fhews the contrary. 
If you diffolve in Water as much Sea-falt as it will keep melted ; you 
may afterwards diffolve Salt-petre in it; and when it can diffolve no 
“more Salt-petre, it will again diffolve Sea-falt to a certain degree; and 
then Salt-petre, again; and afterwards Sea-falt, &c. I made thefe Ex- 
periments till the fpecifick Gravity of the Water was encreas’d to a 
quarter ; that is, till it became.a quarter denfer, or heavier without chang- 
ing its Bulk. Thus the Waters of the Salt-Works, tho’ very tran{parent, 
are very denfe: at Droitwich in Worcefterfbire a Quart of the Water of 
the Salt-Springs yields half a Pound of Salt, the Brine weighing 2 J, 
and 4, whereas a Quart of frefh Water weighs but 2 /, 

At the Liquors which have Water for their Bafis, are endowed with 
this repellent Quality. Mercury has alfo this repulfive Force, if an Ex- 
periment be true which has been related to me by Perfons of Credit 
(tho’ I have not tried it my felf), which is, that Gold being amalga- 
mated or diffolved in Mercury, increafes the fpecifick Gravity of the 
Mercury. 

Even Metals when they are in Fufion, are incompreffible by this Pro- 
perty. We have a remarkable Example of it in Copper, which receives 
Tin into its Pores; fo as to make the Metal compounded of thefe two 
{pecifically heavier than Copper, tho’ much hammer’d; and tho’ the 
Tin that is mix’d with it be 4 {pecifically lighter than Copper. 

2. To this repulfive Force, whofe Sphere of Aétivity extends but a 
little way (perhaps not beyond the Surface of the conftituent Particles of 
Water) fucceeds an attractive Force, that we thall call 4rtracion of Co- 
#efion, which begins where the other ends, and confines its Extent. 
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It is by this Attraction of Cohefion, which aéts in a Sphere, that the 


I Particles of Water join’d together form Drops till a certain Bignefs, with- 


out the Sphere of Repulfion above-mentioned, 

Ir cannot be faid we have done wrong to give a Name to this Ad- 
hefion, fince it is obferv’d actually to exift. au a. 

I r is owing to this Cohefion that Water rrfes in capillary Tubes, that 
Liquors rife in the Infide of Drinking-Glaffes which are not full, and 
that in Vines and Creepers the Sap rifes with Force fufticient to cleave 
the heavy Stones of a Building, between which they thruft their Shoots, 
This Force has been found fufficient to burft a Gun-Barrel by driving 
into dried Peafe or Beans with which the Barrel had been fill’d, the Wa- 
ter that was put in along with them, having fix’d between the Jams of 
a Door, the Gun-Barrel fo fill’d, to keep in the Peafe, See the Rey, 
Dr. Hales’s Vegetable Staticks. | 

In refpect of Water the Attraction of Cohefion does not extend farther 
tha about , of an Inch round, the biggeft Drops of Water not being 
above 4. of an Inch in Diameter ; tho’ in refpect of folid Bodies to which 
Water adheres, the Cohefion of Water goes farther; Water being 
more attraéted by other Bodies than by itfelf. Mercury is alfo en- 
dow’d with the Attraction of Cohefion ; but in a different manner from 
Water; becaufe Mercury attraGting Mercury more than it does Water 
does not rife in capillary Tubes; but on the contrary, when you put 
down into a Glafg Veflel of Mercury a fmall capillary Tube 2, or + of an 
Inch’under the Surface of it, (provided the Bore of this capillary Tube 
be not above the 40th of an Inch) the Mercury will lie lower in the 
Tube, than the Surface of the Mercury in the Veffel, being attracted out 
of the Tube by the Mercury below it. 

I1-is alfo by this Attraction of Cohefion that Mercury adheres to all 
Metals, except Iron. 

2. WuEN the Particles of Water are feparated by any Caufe what- | 
ever that puts them into motion, the Attraction of Cohefion yields by 
little and lictle, and aéts no longer at a diftance fomething fenfible ; and 
then a fecond repellent Force may fucceed to the Attraction of Cohefion ; 
and’ the Particles acquire a Force, (which in this cafe we {hall call ventas 
fugal) by which they repel each other, and. fly off even to very great 
Diftances, oftentimes taking up 14 thoufand times more Space than when 
they were join’d in Water. This will happen by the Action of that De- 
gree of Heat which makes Water boil ; the Water being then chang’d 
into a Vapour, whofe Elafticity is equal to that of the Air, whilft its 
Deafity is 16 times lefs than the Denfity of the Air. This has been 
prov’d by thofe that have examin’d the Operations of the Engine made 
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ufe of in England to drain Mines, by ‘raifing Water with the Force of Lea. X. 
Fire. i 

WueEn Fire produces the Effect which I have mention’d on the Wa- 
ter, the Heat is that of boiling Water; but when you increafe the Fire 
the centrifugal Force of the Particles of the Vapour or Steam is alfo 
increas’d, fo as to give the Steam a Spring feven or eight times ereater 
than that of Air; as I have often made the Experiment: 

4. Tuis fluid Vapour, (which is not a dilated Air feparated from 
Water, as has been fhewn by a very fenfible Experiment : See Philofoph. 
Tranfaé. N° 407. but is entirely made up of Particles of Water) owing 
its centrifugal Force entirely to the Heat, lofes it by Degrees, as the Heat 
diminifhes ; and when the Heat of the Vapour or Steam is fo abated as 
not to exceed the Heat of the external Air; this Fluid, which aGed fo 
{trongly by its Spring, lofes it entirely, its great Bulk diminifhes, its Parts 
come together again, and it becomes Water, as it was at firft. This is 
evident by the working of the Fire-Engine ; for when-the Steam of the 
boiling Water has been let into the great Cylinder to raife the Pifton 
moving in it againft the whole Weight of the Atmofphere, and it has 
produc’d its Effect; a Jet of cold Water is let in among the Steam, 
which deftroying its Heat, makes it lofe its Spring; and immediately its 
Particles which have loft their centrifugal Force come together again, 
and adhering by the Attraction of Cohefion, fall to the Bottom of the 
Cylinder in the true Form of Water, leaving the reft of the Cylinder 
empty of Air, and of Steam or Vapour: and this Operation is perform’d 
14 or 15 times ina Minute. 

5. To thew yet another way that the Bulk of Vapours diminithes, as 
the Heat abates, we need only obferve the Smoak which goes out of the 
Top of the Chimneys in foul Weather, when the Air is light, (as the 
Mercury falling in the Barometer fhews it.) Then you fee the Smoak 
(which is only a moift Vapour driven from the Wood or Coal by the F ire) 
defcends again as foon as it is come out of the Funnel of the Chimney, 
inftead of rifing, as it does when the Air is ferene and heavy. The reafon 
of this is, that whilft the Vapour was in the Funnel of the Chimney, it 
kept its State of Rarefaction by the Heat which remain’d in the Funnel; 
and rofe in the Air, having lefs {pecifick-Gravity than the Air; but that 
Heat not being continued beyond the Funnel, the Vapour lofes of its 
Bulk, and becoming {pecifically heavier than the Air, defcends in it, 
and returns towards the Earth. 

6. AiR is a Fluid, whofe Parts are endow’d with a centrifugal Force, 
whereby they repel each other without touching, 
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Le&. XK. TAKE aGlaf& Tube of about 4 Inch Bore, and fix Feet long, which 
—— being recurv'd at the End, rifes perpendicularly and parallel to the longeft 
Leg to the Height of about one Foot and two Inches. ‘The end of this 
(hort Leg muft be feal’d hermetically, and that of the long Leg open’d, 


Pour Mercury into this Tube till it rifes up two Inches in each Leg, and 
you'll find that the Air contain’d and {hut up in the lower Leg will be a 
Foot high. Pouring in more Mercury into the long Leg, till it comes 
up to the Height of 30 Inches, the Air in the fhort Leg will be con- 
dens’d into a Space of fix Inches, and follow’d by the Mercury, which 
will rife up to that Height. If -you pour {till more Mercury into the 
Tube to the Height of 30 Inches more, (in all 60 Inches) the Air will 
retire intoa Space of four Inches, the third Part of the Space which it 
took up before it was comprefs'd by any Height of Mercury. 

Ir you incline the Tube fo that the Column of Mercury of 60 Inches 
may not have its upper end above 30 Inches perpendicular higher than. 
the Air {hut up in the fhort Leg of the Tube, the Air will dilate itfelf 
into a Space of fix Inches, proportional to the AGtion of the Mercury 
which comprefies it, a€ting only according to its perpendicular Height. 
From this it follows, that the Denfity of the Air is proportional to the 
Force that compreffes it: and Sir J/aac Newton has demonftrated, thata 
Fluid thus condition’d confifts of Parts that have a centrifugal Force ; 
that is, which repel each other from their refpective Centers. Sir J/aac 
Newton has alfo made Experiments, from which it follows, that the 
Particles of Air do not touch one another ; for having {hewn that Fluids 
have two. kind of Refiftances, the one according to the Quantity of 
Matter which a Solid moving in a Fluid has to difplace, (which Re- 
fiftance is proportional to the Square of the Velocity of the Solid) and 
the other, which proceeds from the Tenacity of the Fluid, (that is, of 
the Parts which are entangled one in another, and which alfo in touch- 
ing attract each other) which Refiftance is as the Velocity itfelf; he has 
fourid by many Experiments of blown Bladders falling in the Air from an 
Height of 272 Feet, that Air had not this laft Refiftance, the Refiftance 
of the Air at every Experiment being only as the Square of the Velocity. 
See Newton's Princ. Math. Lib. 2. Sed. 7. 

.'Tur Atmofphere or Air which enclofes our Earth, is a Com- 
pound of feveral kinds of Vapours and Exhalations, that come out of 
{éveral folid and fuid Bodies, and continue to be fufpended and float about 
in the Air, no longer than the centrifugal Force of their Parts continues ; 
for every compreffible Fluid that lofes the centrifugal Force of its Parts, 
(and confequently its Elafticity) ceafes to be a Fluid, and becomes a 
Solid. : 7 
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I CALL pure or permanent Air, that Part of the Atmofphere whofe Le&. X. 
Particles have naturally a centrifugal Force, which is fupported or fut —<——v— 
tain’d by no Agent on which its Augmentation or Dimination depends. 
This Property of the Particles of the Air extends uniformly from the 
Earth to the greateft Height the Air is fenfible at, and gives the Air its 
Spring, which is always of the fame Strength where the Air’s Denfity is 
the fame; for the Spring of the Air only increafes with its Denfity, 
which depends upon its Compreffion, Hence it happens that the’ Ait 
which is neareit to the Earth is the moft denfe, and has the oreateft 
Spring, becaufe it is comprefs’d by all the faperior Air ; and in receding 
from the Earth, the Air’s Denfity'or {pecifick Gravity diminifhes, as it 
has lefs fuperior Air to-comprels it. | | 

YeT ‘we mult obferve here, that in-warm Weather (and efpecially in 
thofe Countries where the Soil is very dry) the Air is not denfeft next :to 
the Ground; becaufe the Heat of the Sun refle&ted from the Surface of 
the Earth a€ts upon the Air toa certain Height, which makes the heated 
Air receive an Increafe of centrifugal Force, whereby its Parts repelling 
each other more ftrongly, it increafes its Rarefaction fo as to fuftain the 
fuperior Air as ftrongly as if it was more denfe, during the time that the 
Heat continues to aét : fo that the denfeft Part of the Air will then be 
above the Surface of the Earth at the cold Region of the Air, where the 
Heat ceafes to act. _ | 

Ir you fhut up fome of this Air in a Veffel, having try’d its Spring 
and {pecifick Gravity ; you will find after feveral Years, that it keeps 
thofe Properties entire ; and even if it be condens’d in a Wind-gun, we 
fhall find that it has loft nothing of its Spring after a confiderable time ; 
for it has been found in the fame Condition after 16 Years. 

Tue Vapours and Exhalations that float in the Air do not extend 
themifelves upwards like pure Air; but form Clouds which remain in the 
Air fufpended at different Heights according to their different {pecifick 
Gravities, which depend upon the different Caufes which have given or 
reftor’d the centrifugal Force to their Particles. Thefe Clouds keeping 
ftill the fame Denfity, are carried about here and there by the Winds. 
without changing their Height, whilft the ambient Air that fuftains 
‘them keeps the fame {pecifick Gravity ; but when that Air, becomes more 
denfe by the Accumulation of fuperior Air, the Clouds rife up till they 
‘come to the Place where the Air has the fame, and no greater {pecifick 
Gravity than the Clouds: then if a Part of the fuperior Air being carried 
off, ‘the Air about the Clouds rarefies or dilates itfelf, as it is freed from 
Part of the Weight that it fuftain’d, the Clouds defcend again down to 
‘the'Place of their Equilibrium, which they find where the Air is o the 
| aime 
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Lea. X,; fame {pecifick, Gravity with them: and all this may happen without 
ny Rain, whofe Formation we fhall confider hereafter, 

8, THERE is afurprizing Paradox in Nature; which is, that the fame 
Particles which have a centrifugal Force by which they repel one another, 
have at the fame time a great Force of Attraction in refpect. of other Par- 
ticles, which other Particles repelling each other make a Fluid of another 
kind... This Attraction of Cohefion, whether from one Fluid to another, 
or from Fluids to Solids, does very much exceed mechanical. Forces or 
Preffions. “ This 1s prov’d by many chemical Experiments. For exam-=_ 
ple, Liquors which could not be comprefs’d by any Force apply’d out- 
wardly, are chang’d into Solids by the Mixture of other Liquors::'.Metals 
that refift ftrongly, and keep their Tenacity under great-.Strokes of 
Hammers, lofe it entirely, and are diffoly’d by the ,Attra@tion of acid 
Spirits. 

ua WueEn Fire, or a very great Heat, acts powerfully enough upon 
Sulphur to overcome the Attraction of Cohefion which holds together its 
fineft Parts, thofe Parts feparate, and repelling eacl: other become fulphu- 
teous Exhalations, which (tho’ they repel each other with Force enough 
to. make a very light Fluid which rifes very high, even. where the Air is 
extremely rare) yet have an attractive Force in refpect of the Air, by 
which they often deftroy the repellent Force of the Air, lofing at -the 
fame time their own mutual repellent Force. By this means are form’d 
little. Lumps or Molecule having no Elafticity, which fall. to the Earth, 
having loft the repellent Force which made them fluid, either confider’d 
as Air, or as fulphureous Exhalations. ‘The Reverend and Learned’ Dr. 
Hales has made feveral Experiments by burning Brimftone Matches in 
Recipients full of Air, and the fulphureous Effluvia haye commonly ab- 
forb’d a Quarter of the Air contain’d in thofe Veflels. The aérial. Parti- © 
cles thus join’d to the fulphureous Particles will fometimes produce Mo- — 
leculz fo big that they can no longer go into the {mall Veficles of the 
Lungs, and by that means become unit for Refpiration. +’ This perhaps 
is the reafon why People have been fuddenly kill’d by Lightening, with- 
out receiving any Wound, the Air becoming {uddenly pernicious for 
‘Refpiration, by the Mixture of a fubtil Sulphur. 
_, Tue moft pure and permanent Air, which Moifture and Drynef§ can 
change no otherwife than by increafing or diminifhing. its Denfity, lofes 
allits Elafticity by thefe fulphureous Exhalations; and there are alfo {e- 
veral Bodies which attract the Air fo ftrongly, that it lofes its Elatticity, 
and becomes a kind of Cement, which holds together the Parts of the 
Bodies to which it adheres. Dr. Hales fays of thofe Bodies, that they 
abjorb Air, "This fix’d Air thus join’d to Bodies fometimes feparates from 
Sas I them 


RG 
“I 


ae f As pated. By BY SY ey 
A Courfe of Experimental I hilofophy. 343 
them by Fermentation, and then he fays that they generate Air. ‘There Lea. X, 
are feveral Bodies which contain much Air, whole Elafticity is unactive, ao 
being overcome’ by a ftronger Attraction ; but in diftilling thofe Bodies, 
the Air extricates itfelf from them by the Force of Fire. This Air does 
no way differ from common Air, having all its Properties, 

10, WueEn Air attracts moift Vapours, whoté Particles adhere to 
thofe of the Air, it only lofes its Elaflicity in. part; and at lat it difen- 
gages itfelf from thofe watery Particles, which it repels. after having at- 
tracted them, and then they repel each other, having, as it were, re- 
ceiv'd their repellent Virtue from the Air. This Property of the Air js 
what I call its EveGricity. 

11. To prove that Air is e/ectricai, I muft here mention fome elec- 
trical Experiments, out of a great many that have been made in France, 
England, and Holland, &c. 

WHEN it is very dry Weather,- whether in Summer or Winter, if 
we rub with a dry Hand a Glafs Tube of an Inch and + Diameter, and 
about two of three Feet long; a Down Feather let loofe in the Air is 
drawn by the Tube, and comes to it with an accelerated. Motion ; and 
having {tuck to the Tube a’ little while, it is repell’d. again -from.it with 
great, Force, and floats in the Air, being. driven, about by the Tube, 
which cannot be brought near the Feather till after fome folid Body (not 
electrical) has been brought to the Feather; which is immediately at- 
tracted by. it, and then it returns again to the Tube. that. attracts it a-new, 
and prefently repels it again. _ Thus the Feather jumps feveral times from 
the Tube to the other Body; and. from the Body to the Tube alternately, 
But if inftead of the faid Body you hold towards the Feather another 
Tube rubb’d like the frft, it drives away the Feather without touching 
it, and the two Tubes repel it equally. 

WHEN two Perfons make the Experiment with two Feathers, when 
each of the Feathers has been attracted by its Tube, and repell’d from it, 
thefe Feathers repel each other, whether they be fet a-floating in the 
Air, or fufpended by two very dry filken Threads. But if one of the 
fufpended Feathers has not been touch’d by the Tube, and the other has, 
this laft will go towards the firft, attracting, and being attracted by it. 

TueEse Experiments do not fucceed in moift Weather ; for then-the 
. Feather having been driven away by the Tube into,the Air, is again at- 
tracted by it after a little time; and fometimes falls to the Ground wholly 
inactive. Rubbing the Tube a-new to excite its Electricity a-freth, 
which is weaken’d, the Feather may be repell’d; but that Virtue lafts 
but a little while. ; 

By 
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Lee. X, By thefe Experiments, and a great many others, we fee that electrick 
teeny Bodies (whether they be fo naturally, or whether they are become elec- 
trick by Reception of Electricity from another Body) repel one another 
all the time that they keep their Electricity. 

Wuen the Air is very dry, very little Friction excites a Glafs Tube to 
Electricity, and the Virtue lafts a great while ; becaufe the electrical E- 
manations being repell’d by the Air, return to the Tube, and from the 
Tube fly back into the Air making a great many Vibrations. After the 
fame manner alfo the Down Feather, when the Tube has made it eiec- 
trick, is repell’d by the Air, and keeps its Electricity a great while, 
Whereas when the Air is moift (for fometimes the Air is loaded with 
Humidity, even to half its Bulk, and fometimes it is perfectly dry) the 
Feather being become electrical by the Action of the Tube, attracts the 
Particles of Vapour which float in the Air, and in a little time lofes its 
EleGtricity ; which is the reafon that the Tube attracts it a-new, as if it 
had touch’d fome other vifible Body. 

Tne Particles of Water are attracted by eletrick Bodies, not’ only 
when they are feparated from each other’ in the form of Vapours;: but 
they are even drawn off from a {mall Jet d’Eau at a Diftance fenfible 
enough; nay, they ‘are fometimes feparated from the. reft of the Water in 
a Veflel full of it, (when you bring near the Water a Glafs Tube excited 
to Eledtricity) by a Force greater than the Cohefion of the Particles, be- 
caufe it overcomes it without any Affiftance of Heat ; fince the Experi- 
ment fucceeds very well when it freezes hard. 

12. We have now a fufficient number of Facts and Obfervations upon 
Experiments, to deduce from thence the Explication of the propos’d Pha- 
nomena ;. that is, to {hew in what manner the Vapours and Exhalations 
rifein the Air, But before we begin, it will not be amifs to take off the 
Prejudice in favour of an Opinion commonly receiv'd by a great many 
Philofophers, otherwife very ingenious Men. | 

13. THEY imagine that watery Vapours confift of an Affemblage of 
fall Bubbles of Water, each of which is fpecifically lighter than Air ; 
becaufe tho’ the Skin which forms each Bubble be heavier than an equal 
Bulk of Air, they fuppofe that the Infide of the Bubble is fil'd with an 
Aura or Air much more rarefy’d than the external Air, and that thus 
the Thinne& of what is in the Bubble making amends for the Weight of 
its outward Skin, little Spherules are form’d, each of them lighter than 
an equal Bulk of Air; and that thus the Vapours rife by hydroftatical 
Laws, like the Bubbles of foap’d Water blown by Children, which float 
a confiderable time in the Air. But itis not enough to fuppofe fuch 
Bubbles which might rife in the Air, if they did exift: one muft alfo 
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thew by what Mechanifm they may’ be prodtic’d. | When’ People blow Lea: X. 
up Balls of foap’d Water, the Air of the Lungs which fwells up the = 
Spheres being warnyd, is always lighter than the external Air, fo that 

when thofe Balls are thin enough, they may very well {wim in the Air, 

and even rife in it: but as foon as’the Air of the Balls is cool’d as much 

as the outward Air) thofe’ Bubbles° of foap’d Water néver fail of falling 

to the ground. The Refemblancé of Bubbles of foap’d Water to the 
imaginary Bubbles of Vapour, is all thé Foundation of this Hypothefis ; 

but a mechanical Explication of the Production of the Bubbles of Vapour 

fhould be given. The Maintainers of it fhould tell us how the Air which 

refts upon the Water feparates itfelf into two Parts, the ofie very warm, 

and the other cold ; and thew how’ the warm Air blows up the Particles 

of Water into Bubbles, whilft the reft of the Air being cold aas out- 
wardly, and defcending with more Force than the Bubbles, caufes them 

to rife. The Abfurdity of this Suppofition is {6 plain, that it is not ne- 

ceflary to fay any more about it by way of Confutation, 

Here follows the Manner in which I think the Vapours are 
rais’d, 

14. ConsrDERING the Particles of Water to’ be fpherical, (which the 
Particles of all Fluids are fuppofed to be) it is certain that thofe that form 
the Surface of the Seas, Rivers, and Lakes, @e. touch one another in 
fewer Points. than thofe which are’ below the Surface, and confequently 
that their mutual Cohefion being weaker, it is eafier to feparate them 
from one’another, than’ thofe which are below the Surface. "So that the 
fame Degree of Heat which might aét within the Water without fepa- 
rating itsi Particles, is capable of {eparating them when it aéts upon the’ 
Surface » but for the Evaporation there is more requir’'d than a bare Se- 
paration’; there muft be a mutual repellent Force’: for without that, the 
Vapour, tho’ rais’d by the Motion, would not remain in its State of a 
Fluid fpecifically lighter than’ Air to ‘rife’ yet higher, and form Clouds; 
but the Particles would’ re-unite ; and, being reduc’d to Water, fall to 
the Earth,. or into the Water from whence they have been feparated : 
for in the Receiver or Cylinder of the Engine toraife Water by Fire, this 
happens when an InjeCtion of cold Water is made among the Steam or. 
Vapour ; that injected Water being no colder than the outward Air: and 
yet it diminifhes fo much the Heat which fuftained the centrifugal Force 
of the Particles of Water, as to hinder them from repelling’ one another ; 
but on: the contrary they come to attract one another. And this would’ 
happen to: the’Particles- of Water which rife in Vapour in the open Air,. 
if Heat was the only Agent. But the Air which cannot enter into the 

Vox. II. Yy Cylinder 
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LettsX1 Gylindet-of the Fire-Engine,, acts here; drawing to. it all the fmall Par- 
evr ticles of Water, by its Electricity, which joining to the Particles of Air: 
are carried off by the Air. The Air by degrees communicates Electricity 
to the watery Particles, which it repels again as foon.as they are become 
electrical ;;and then’ thofe Particles repel each other’ (as all ele@trick Bo- 
dies doy and form a Fluid which being lighter than Air: rifes in: the 
Air, where it continues.at different Heights according to its {pecifick 
Gravity, and that of the Air in which it is inclofed, whofe Denfity is. 
_proportionable to the Quantity of the fuperior Air by which it: iscom- 
prefied. | i | | od bial 
.,Tuese Vapours keep their repellent Force a long time, and lofe it 
oaly by great Shocks which happen to them by a precipitated Fall, when. 
there is a great and fudden Diminution in the Denfity of the Air in the 
Place where they are; and_ that falling by an accelerated. Motion; they 
find a great Refiftance to their Defcent “in, proportion. to’ the Square: of 
their Velocity in the Air: becaufe the inferior, Air in >that cafe ftriking or: 
pufhing the Clouds upwards, their Particles are brought near enough for 
the Attraction of Cohefion to take place, fo as to make them join again: 
into Drops of Water. I faid precipitated Fall, becaufe when the Den- 
fity.of the Airan which the Clouds. float is but, a little diminifh’d, fo that 
they have but.a little way to defcend.to come to their Aguilibrium, they 
de{cend without producing Rain,as-may be) obfery’d when the Mercury: 
in the Barometer.falls but flowly. . 
15. As to Exhalations, (or dry Vapours) it.is not neceflary. that they 
t{hould receive Electricity in order to have a repellent Force ; ~becaufe it: 
commonly appears that they are electrick of themfelves. . When: we rub: 
Sulphur, Amber, Refin, Sealing-Wax, @c.,orGlafs and precious Stones;: 
electrical Effiavia’s, fly out of them...Thus.alfo Particles that areolepa~ 
rated from Vegetables, Animal Bodies, Minerals;;and jeven from Metals; 
by Diltillation, Fermentation, Putrefaction, or the;ACtion of acid Spirits, 
repel one another, immediately and) rife inthe Air, | having fo: much the’ 
more.repellent.dorce, as.ithey. had attractive. Force: in the folid) Bodies. 
from whence they came before: their Separation: . | 
_16. ‘Pats,therefore is our Syftem concerning, the Rife of Vapours and: 
Exhalations.... But left it fhould not appear'to.allyour Readers.to -be fuf- 
ficiently eftablithed, we fhall relate two remarkable Experiments from 
the Rev.. Dr. Hales above-mention’d, which confirm what we have faid,: 
concerning the Action of the Eleétricity.ot Air,, As Gun-powdetzis com=! 
monly dried by the Heat of a Plate of Iron amade red-hot ; Dr..Hales 
has found out a way lefs dangerous, which has dried the Powder.as:well.: 


| He 


oe. 


e 
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He has made common Air (without heating it firft) to go thro’ a certain Le. @ 
Quantity of Gun-powder; and the Powder by that means has beén dried U-y— 
as effectually, as it is at any time by the hot Platé of ‘Iton. He has like 
wife made an Experiment with Hops, driving frefh’ Ait thto” a great 
Quantity of them, by which means they'were as’ well dried as if they 
had been dried in a Kiln, as they ufually are.” "Thefe two Experiments 
thew that Air carries away’ along with'it the Moifture of Bodies: and as. 
thefe Experiments were made in Summer; when ‘the ‘Air’ is found to have 
no Moitture ; it follows that \theAir which attraded the watery Va- 
pours'of the Powder and of the Hops, threw 'thein off again in a little 
time, and thofe Vapours becoming a Fluid of its kind, turn’d to Clouds 
that rife very high when the Air is dry and heavy. | 

.17./F 0 r a further Confirmation’ of our Opinion, one may obferve, 
that wet Linnen, and/all‘moift Bodies dry fooner, and Ponds and Veffels 
_ of Water evaporate'more,'in windy, than in calm’ Weather, tho’ it be 
much hotter when’there is no Wind ; becaufe the Air which is next to 
the wet Bodies, and the Surface of the Waters does not remain long in 
the fame place, but drawing aqueous ‘Particles’ by its Elafticity, carries 
them off, giving place to‘other Air, which fucceeds it very quick; and 
by that means the’ Evaporation is more abundant: without taking no- 
tice of what is obferv’d by all the World; viz. That two Hours of 
. Wind dry dirty Streets more than two Days of fair Weather without 
Wind. . ! be : 


. Tovend this Differtation, we fhall anfwer fome Difficulties and Ob- 
jections, which might be made againft our Syftem. | 
1. Ir it beafked, why the Vapour of boiling Water or Steam, which 
having acted ftrongly by its Spring in the Cylinder of the Enginé to raife 
Water by Fire, is condens’d again, or returns to Water by the Injection 
of a Jet of cold Water: and: yet'the Steam of boiling Water in an open 
Place does not fall again when itis rifen up the Height of fome Feet in 
the Air, where the ambient Air is at leaft as cold as the Jet of cold 

Water which has condens’d the Steam in the Cylinder of the Engine? _ 
We anfwer, that the Steam or Vapour of the Water boiling in a Place 
expos'd to the open Air, does indeed acquire a centrifugal Force in its 
Particles, which it lofes again when it has rifen fome Feet by the Aétion 
of the ambient Air; but then the Air by its Electricity draws thofe wa- 
tery Particles, which being. feparated from one another are in a better Si- 
tuation to yield to the electrical Attraétion of the Air, and to receive an 
electrical Virtue. by Communication, which they do in an Inftant, and 
My 2 being 
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Lect, X. being immediately thrown off from the Particles of the Air, the repellent 

“-"v~— Force of the Electricity fucceeding to the repellent Force that they had 
received before from the Action of the Fire, they. continue a long time 
a rare and elaftick Fluid, forming Clouds and rifing till they come to their 
Place of Aiguilibrium in the Air, . Whereas in the F ire-Engine, where 
the Air does not come in among the Steam (nay there is even a contri- 
vance with a Valve to difcharge the Air which comes in with the Water 
at each Jet, call’d by the Workmen the Jntfting Glack\ when the Steam 
or Vapour has left its Heat it condenfes. again inte Water ; which will 
happen even without making a Jet in the Cylinder, as the Cylinder and 
the contain’d Steam grows cold, tho’ more flowly, : 

2. How comes it to pafs that Air, which is 8.or goo times {pecifi- 
cally lighter than Water, can xaife up, great Quantities of it? Why is it 
not feoner attracted by the Water, abforb’d, and plung’d» into its-Subi: 
{tance ? 'To this we anfwer, that the .conftituent Particles-of Air have _ 
more f{pecifick Gravity or Denfity than thofe. of Water, The different 
Kinds of Air which make up our Atmofphere, come from the diferent 
Exhalations of folid Bodies, of Metals, of Minerals, of Animals and 
Vegetables, and. thence proceed the different Sorts of Air. Now all the 
Bodies that produce it are {pecifically heayier than ‘Water, as is imme-- 
diately feen in refpeét of all the Bodies except the Vegetables, which one. 
wou'd think to be fpecifically lighter than Water, becaufe Wood fwims 
in Water; but, if you open well the Interftices of Wood, by boiling ie, 
or keeping it long under Water, (even Cork it felf) it becomes {pecifically 
heavier than Water, fo that the Particles of which the Ait is compounded’ 
are much heavier than thofe of which Water is compounded, which fe- 
parate-from it to become Vapour. For this teafon the Particles of Air 
may carry off the Particles of Vapour, without making a Compound pe- 
cifically heavier than Air.  Belides that, a very moderate Degree of 
Heat puts the Particles of Water in a condition to be attratted by Air,. 
feparating them much more from one ianother than it does the Particles 
of Air. It is known by Experiment, that-a Degree of Heat (for example, 
that which, is fufficient to boil Water) which changing Water into Vas. 
pour, increafes its Bulk 14 thoufand times, producing a Fluid above 16 
times rarer,than Air; is not capable to increafe the Bulk of Air above: 
one third, 

3. IF it be true (by N° 9.) that the Particles of the {ulphureous Ex.. 
halations joining with thofe of Air compound little inaGtive Moleculz, 
which precipitate ; whence comes it that aqueous Particles domot do the 
fame with Air? Answer. As the repellent Force of Exhalations and 

| I Vapours 
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Vapours acts more or leS frongly, according as their AttraGion sas. Lee. 


greater or lefs in the Bodies from which they feparated; fo when tisey 
meet with Particles that they attract, they adhere with more or lef Force 
ein, This is the reafon why the watery Particles when they ad- 
here to the Particles of Air, have not attra“tive Force enough to deitroy 
the whole repul five Force or Elafticity of the Air,—— I was going 40 fay 
Electricity ; for I believe that at Jatt. i¢ will be found that thot Terms 
are fynonymous in refpect of Fluids. ‘The watery Particles are alfo 
{maller than the fulphureous Particles; for when they are join’d to the 
Particles of Air, they can eafily enter into the Veficles of the Lungs, 
fince one may breathe them without much Difficulty, tho’ with fome 
Inconveniency. 

4. Lastry, If it be afk’d why thould we look for two Caufes of the 
Elevation of Vapours, ce? Could not one fufficient Caufe be found ? 
Does not Nature aét always in: the moft fimple manner ?—-_I_ anfwer, 
that the Fact is fo; and fecondly, that final Caufes feem to require it. 
For without Heat, Air might perhaps have carried off the Vapours; but 
they are prepar’d by Heat, and would not have been tran{fparent with- 
‘Outuit,..as_may be feen-towards the End-of Summer when the Days grow 


{hort : whereas when it is very warm, the Sky appears of a fine blue,. 
tho’ the Vapours rif€ in great quantity; for the little Corpufcles of 


Water become. invifible, when their vifual Angle fubtends lef§ than a 
Minute of a Degree, of which the Eye is the Center. 


P.S. I Forcor to obferve that it is not foreign to the prefent pur- 
pofe to take notice here that the late Monf. Du Faye obferv’d, that there 


were two Sorts’ of Electricity, and that Bodies which are endow’d with. 
one Sort of Eledtricity attraét thofe which are endow’d with the other: 


Sort of Electricity, whilft they repel thofe which have the fame Fleétri- 
city. He calls the one the rejinous Electricity, and the other the vitreous 


Electricity ; and the Experience of others confirms what he has aflerted’ 


upon that head. There are Phenomena relating to Vapours and Exha- 


lations, which may be explain’d by thofe Confiderations. As for example, | 
fulphureous and fuliginous Exhalatious, are of a refinous Electricity 3 and 


the nitrous and tartarous Exhalations as alfo the Particles of Air have the 
vitreous Electricity. Wence it comes that fulphureous Exhalations attraét- 
ing the nitrous, come together with great Force, and produce fo great-a 
Fermentation that they enflame with Lightnings and Explofions, : 


By this means feveral pernicious Exhalations precipitate, or deftroy one 


another, 
Ir 


C 
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Lect. X. Ir happens alfo that the Air, which lofes much) of-its Elafticity, and 
ey becomes inactive by the Attraction of. fulphureous Exhalations when it is 
fhut up with them, does not lofe fo much when it is free and moveable ; 
becaufe aqueous Vapours, tho’ repell’d by the Air, are ei es by the ful- 
phureous Exhalations, which by this means Moifture hinders from ‘cor- 
rupting the Air, &c. | 


deprefja refurgo. 


 ANNOTA-- 


CANNOT ATION iS tipon che Tenth are | 


1. [9. —= ir prefing on a Man, &c—werghs 32153 Pounds fix 
Ounces Aver dupoids at a Mean.] 


rE we utd aie ane much the Preffure of the Air is upon. the. a AP Annotat. 
Surface of the Earth, we muft imagine it to be cover’d with Water to the Leé&. X. 
» Height of 33 Feet, which will give a Shell or hollow Sphere of Water Am 

that Thicknefs, whofe Surface contains. 201 Millions and 136 Thoufand fquare 
Miles ; for if we take the Diameter of the Earth to be in round Numbers. 
8000 Miles, the Circumference will be 25142 Miles, which Numbers mul- 
tiplied by each other will give 201136000 fquare Miles for the Surface of the 
Earth, or,of the Watery Shell ; for tho’ the Outfide of the Shell is fomething - 
too big; the inner Surface will com penfate for it,/the Diameter of the Earth. 
by -which we found. that Surface, having been taken a little.too great 

‘THE ‘réafon why People are apt to think the Air light i in fair Weather, when it 
is really heavy,’ is becaufe when the Barometer is at near 31 Inches, the addi- 
tional Weight of about 3000 46 of Air is like-a’ Bandage all over our Bodies, 
which rénders our Flefh firm and contracting our Blood-Veflels, the Blood driven’ 
eut by the Heart at every Syftole, muft move fafter than when our Blood-Veflels: 
are wider 5 ; .which making our Circulation brifker, we feel light and alert, and. 
fancy the Air to be lighter. “Wheréas\in foul cloudy Weather 3000 tb Weight’ 
of Air being taken off from prefling us, our Flefh becomes flabby, our Bloods 
Veflels dilating by their own Spring afford’a larger Paffage to the Blood driven 
from the Heart, the Circulation becomes languid ; ; and becaufe we feel a Hea 
yinefs, we think: the Airto;be heavy, and fancy it,to be.loaden myith Vapours,’ 
ada Fy i Vapours are lighter hab an.equal Bulk. of, clear Air. ° : 


Bad, diner Letting: i in thedir at ‘Vop Meares docket alts in the Notes.]. 
This is to find readily how much the Ait will be Tarched by-a Hct Gl of 
fame Mercury, ima hat | 


15, ¢ 
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Annotat. brium with the elaftick Force of the Air left in the Tube, whence it happens 
Le&t. X. that the Air is compreffed by that Weight. Confequently the whole Weight 
tL of the Air BD = 4: is to DE = d—a-+-0:: as the Space taken up by the 


Air at AE =d, is to that which the Air took up beforeat AC=c, There- 
aase a es ; and if d be unknown, 
you have d= Vbc+ taa+1b6 + 4a—4)4; and if d be unknown, you 


hd eaten b 
have d= —— - ; of if a be unknown, you have @= d ab —= a} 


fore when ¢ is unknown, you find ¢ = 


3. [18.——Mr. Orme of Afhby, &7c.] See the Defcription of his Barometer 
in the Philofophical Tranfaétions, N° 448. 


4. [20——We muft determine the Proportion that there is berweem the Diffe- 
rence: of the Height of the Columns of Mercury-——done in a. little Compafs alge- 
braically:-in the Notes. } 


Plate21 Fig.oi5. il 
Let us call @ the Diameter of the Cylinders OFT and PC, and d the Dia- 
meter of the Tube CN, the Weight of the Atmofphere will confequently be 
VK— Fs thus likewife we hve MR = RI =. The Water which 
in the lower Cylinder fills the Space, LS, rifes. in, the, Tube; to, the: Height 
GN ; confequently, asthe Square. of the Diameter of the Cylinder PC, ts,,to 
the Square: of the Diameter of the. Tube CN :: fo. is the Height GN, tothe 
Height LS, that is ea: did:: GN: LS, therefore LS is = ““=*, which 
is alfo equal.to. KR., The Column RI is = VK — 2KR, and inftead of | 
K'R taking its Magnitude-found “22%, you will have RL= VK — 
wiod s dkN -- a which: is. alfo. equal to tid — — 2 The Co- 
lumn SN — LLG is equal’ to GN — LS, for they are both: together = o, 
becaufe SN is = LG) and GN —-LS:, if therefore inftead. of LS.you 
fet down the Quantity found, you wil have SN — LG =>GN — 
ddGN., thefe Quantities muft be placed inftead of” the Difference found, and 
ev j aa—ddG ddGN SN—LG 
then you will have a + aa = —— pes 
Now if this be work’d-according. to the ufual. Rules. of Algebra, you will have 
ee ST ee equal to the Height of the Mercury, which reprefents 
14a a ; 
the ance of the Weight of the Atmofphere, when the Water-is at G, and 
afterwards at N ; but the Ratio.of the Fleight of the Water G N to the Height 
+ tg: ar GN t 28ddGN-+-+aaGN fi 
of the Mercury, to which:it:is equal,. is. as GN; to." mernem, 5 10 
that 


@.Q 
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that dividing the whole Sum by GN, and multiplying by 1444, you will Annotat. 
have 1444, to 28dd+-aa. | Lect, X, 


5. [23. Mr, Cafwel his Barometer’s Defcription—— and Calculation 
Seen in the Notes.] This being deferib’d in Philof. Tranfaz. take in the Pro- 
feffor’s own Words. 


Part of a Letter from Mr. Cafwell Aftronomy-Profeffor of Oxford, F. R.S. to 
the Rev. Mr. ¥lamftead, M. R.S.S. giving an account of a new Barofcope, 
invented by him, and communicated by Mr. Hodgfon, F. R. S. 


.§ SIR, 

Have made a new fort of Barofcope, ’tis cheap and very exa@; I hete 

fend you its Calculation, as it occurred to my Thoughts before I made 
it.. Suppofe ABCD * is a Bucketof Water, in it the Barofcope » rez y* Plate 23. 
95m, which-confifts of a Body xr sm, and a Tube €Z yo; the Body and Pig. 4. 
Tube are both concave Cylinders communicating with each other, and made 
of Tin (for want of Glafs:) The Bottom of the Tube zy has a Lead-weight 
to fink it, fo that the Top of the Body may juft {wim even with the Sur- 
face of the Water by the addition of fome Grain- Weights on the top. 
The Water when the Inftrument is forced with its Mouth downwards Sets 
up into the Tube to the Height yu. There is added on the top a {mall 
concave Cylinder, which I call the Pipe, to diftinguith it from the bottom 
{mall Cylinder, whch I call the Tube. This Pipe ts to fuftain the Inftru- 
ment from finking to the bottom, md is a Wire, ms, de are two Threads 
oblique to the Surface of the Water, which Threads perform the Office of 
Diagonals : For that while the Inftrument finks more or lefs by the Altera- 
tion of the Gravity of the Air, there where the Surface of the Water cuts 
the Thread, is formed a fmall Bubble, which Bubble afcends up the Thread 
while the § of the common Barofcope afcends. 
© Tue Circumference of the Body is 21 Inches, therefore its Area = Eye 
the Altitude ms = 4, therefore the Body’s Solidity = 140, each Bafe x m, 
75, has a Convexity, whofe Altitude is 0.65, therefore the Conoid on each 
Bafe is nearly = 1114, therefore d the whole Body is = (140 + rit + 
fiz =) 163 and 4 the entire Altitude of the Body = (4 + 0.65 + 0.65 
=) 5.3. The inward Circumference of the Tube is 5.014, therefore its 
Area n= 2. the Length of the Tube = 4.5, therefore the Tube’s Capa- 
city = 9, therefore C, the Content of the Body and Tube = 163 +9 = 
172 Cubick Inches, that is almoft 22 Quarts, 
« Suppose the Air’s Preffure when greateft = 30.5 Inches of 8 = (30.5 
X14 =) 427 of Water, and f = 427, therefore fc = 73444. Puta for 
the Depth ox of the Air in the Tube when the Body is juft all immerfed ; 
the Air in the Inftrument on Immerfion contraés fomewhat by the Cold of 
the Water: This Contraction I find is nearly as much as would be produced 
by the Addition of 1 Inch to the Atmofphere’s Altitude 427 ; this in cold 
Weather, but in warm Weather *tis probably twice as much: but we will 
Vor. Hi, Zz * now 
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¢ How fuppofe it = 1, therefore the Depth of the Surface of the Water int 


the Tube below the Surface of the outer Water is = 2 +-' a, therefore the 
Preffure on that inner Surface is as the Altitude of the Atmofphere above 
it f+o+14+a=F +4 (putting F=f+o+1,) 

« Tuen for that the Spaces into which the Air is contracted, are reciprocal 
to their refpective Preffures, and for that while the Inftrument is out of the 
Water the Preflure f anfwered to the Space C, therefore F-+ 4: f:: C: 


< a= Space which the Air,takes up in the Inftrument under Water; 


F 


m=, e 
therefore, 


ws —~ d= that Part of the Tube which is poffefs’d by Air = 
an (fuppofing the Tube’s Area 2==”). Therefore fe —fd—-ad=Fan 
--aan. Theréfore aa-F 4 4 Ka fens . Pat F + 4s 22% 


1 Shed therefore 4= /: Ls mee + 99—2Z, 


therefore 2a -+-2¢ga= 


‘ Turn fuppofe the Atmofphere’s Gravity lefs, fo much as to fink the ¥ 
> Inch = 1.4 of Water, and therefore putting @ = F — 1.4, and in the 


laft Equation  inftead of a, and y inftead of g, you have # = gpiemiee 


4 

i UE dare teat a and therefore «—a== .22,which .22 
xm, gives .44 cubick Inches, and ({uppofing a Cube Inch = 253 Grains) 0.44. 

x 253 =2111Gtains— Weight of Water that wasgotup into‘theTube in the 1 

Cafe more than in the 2d3 and therefore the Barofcope requires an Addition 

of 111 Grains onitsTop to fink it with the Level of the Water in the 2d Cafe 

mere than in the firft, and this upon the finking of the ¥ in the common 

Barofcope only +. Inch. Now 1 Grain in this new Barofcope is nearly as 
difcernible as - Inch in the common ; and therefore this new Barofcope is 
more exact than the common 111 Times. Put f=427. ¢=172, d=163. 
7 =2 as above, only charige F, put F 437.3, that is fuppofe the Body funk 

in Water 4 Inches lowers; in this cafe «= 208, therefore a—a—=0.64 

which multiplied into @#= 1.28 cubick Inches, which x 253 gives 324 

Grains ; and fo much the Body’s Top wm being funk 4 Inches under Water, 

the Body becomes heavier, than while wm was at the Surface of the Water. 
Therefore this 1.28 divided by the aforefaid Depth 4 gives 0.32 the Area 
of the Top-Pipe, fuch as would balance or buoy up the Body at any Depth. 
Strigtly fpeaking, the Pipe fhould be gradually bigger upward in order to 
fuftain the Inftrument at any Depth, Bat as to Senfe ’tis cylindrical, and its 
Circumference = 2.005. But forthat the leaft Alteration of the Air would 
make the Body’s Top « m in that cafe pafs thro’ the 4 Inches (which 4 Inches 
I {uppofe all the Variety of Depth that the Inftrument has room given it in 
the MB eke at to afcend or defcend) therefore the Pipe is made a fmall matter 
bigger, (v7z,) its Circumference is 2.14 ; whereby the Pipe, according as the 
Body finks more, .gives more refiftance to the defcending Body. The 
Pipe’s Area is 0.3643: Therefore the Capacity of the Pipe in 4 Inches Alti- 
tude is = 1.457. But as abovefaid, to give juftly no refiftance, its Capa- 
| LOR ar Cley 
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* city fhould be 1.28. Therefore this 1.28 taken from 1.457, leaves .r77 Annotat. 
¢ the actual Refiftance in 4 Inches Depth, viz. (0.177 x 253 =) 44 Grains. Le&t. X. 
‘ But this Refiftance will not be the fame in all Weathers,. in order therefore —~-—~——d) 
‘ to calculate what it will be when the ¥ of the common Barofcope is very 
low : For example, but 28 Inches high == 392 of Water, f muft be fup- 
pofed = 392, therefore F = f + b-+4-1= 398.3, and the reft as before, 
viz. d= 163, fe = 67424. Fd== 649229. ‘Thence by the aforefaid 


a af A A 


Equation : - Meo ¢ Therefore # —4 = 0.25, which x 7 gives 0.50 cubick 


Inches, which x 253 = 126Grains. So that this Barofcope when the § is 
loweft, is more exact than the common 126 times, fuppofing the Body im- 
merfed afrefh when the ¥ is fo low. Next while the ¥ is fo very low. 
fuppofe the Top of the Body depreffed 4 Inches under Water ; therefore? = 
F-- 4 == 402.3, the reft are as before, viz, fc = 67424, then a will be 
1.9: but before, while the Top of the Body was at the Surface, 2 was 2. 59. 
Therefore the Difference 69 x Tube’s Area 2, gives 1.38 Cube Inches, 
which x 253 gives 349 Grains; and fo much the Barofcope is heavier when 
the Top «m is 4 Inches under Water, or which comes to the.fame, fuppof- 
ing the ¥ at 28, and wm at the Surface: This Barofcope by the ¥’s af- 
cending +4; Inch will become heavier 349 Grains. The Pipe’s Capacity in 
4 Inches Altitude was 1.457, from which take the abovefaid 1.38, the Re- 
fidue = 077, which x 253 gives 19 Grains in. 4 Inches: So that the Pipe 
will fuftain the Barofcope, and alfo 44 Grains when the ¥ is 301 high, and'but 
19 Grains when the ¥ is 28 high. The fewer Grains Difference there are 
in its finking thro’ 4 Inches, the more nice the Barofcope will be. 

*« Tuere where the Thread cuts the Surface of the Water, is formed a 
Bubble, therefore this Bubble, while the Inftrument finks in Water 4 Inches, 
which is all the room that I give.it, the Bubble moves on the 2 Diagonal | 
Threads 20 Inches: It follows therefore, that 120 Grains Difference would 
make the Bubble walk over 120 Inches, if the Threads were fo long; but, 
as it has been above calculated, about 120 Grains Difference of Weight of 
the Inftrument is produc’d by fo much of the Alteration of the Air, as 
would make the ¥ of the common Barofcope 4, Inch ; therefore when the 
Mercury afcends 4, Inch, the Bubble of this new Barofcope afcends 129 
Inches; therefore this new Barofcope is more exact than the common Ba- 
rofcope by about 1200 times.’ 
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Obfervations made with this new Barofcope. 


1. WuHILe the ¥ of the common Barofcope is often,known to be ftationary 
24 Hours together, the Bubble of the new Barofcope is rarely found to ftand 
fill 1 Minute. 

2. Suppose the Air’s Gravity increafing, and accordingly the Bubble af- 
cending, during the time that it afcends 20 Inches, it will have many fhort 
Defcents,.of. the Quantity of + Inch, 1, 2, 3, or more Inches, each of which 
being over, it will afcend again. Thefe Retroceffions are frequent, and of all 
Varieties in Quantity and Duration, fo that there is no judging of the general 

AZ Courfe 
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Annotat. Courfe of the Bubble by bare Infpection, tho’ you fee it moving, but by 
Lect. X.' waiting a little time. ss 
tym 3, A {mall Blaft of Wind will make the Bubble defcend ; a Blaft. that 

can’t be heard in a Chamber of the Town, will fenfibly force the Bubble 
downward. The Blafts of Wind fenfible abroad caufe many of the abovefaid 
Retroceflions, or Accelerations in the general Courfe ; as I found by carrying 
my Barofcope to a Place where the Wind was perceptible. | 

4. CLoups make the Bubble defcend. A {mall Cloud approaching to the 
Zenith works more than a great Cloud near the Horizon. In cloudy 
Weather the Bubble defcending, a Break of the Clouds (or clear Place) ap- 
proaching to the Zenith, has made the Bubble to afcend; and after that 
Break had pafs’d beyond the Zenith a confiderable Space, the Bubble again 
defcended. 

zs, Aux Clouds (except one) hitherto by me obferv’d, have made the 
Bubble to. defcend. But the other day the Wind being North, and the 
Courfe of the Bubble defcending, I faw to the Windward a large thick Cloud 
near the Horizon, and the Bubble ftill defcended; but as this Cloud drew 
near the Zenith, it turn’d the way of the Bubble, making it to afcend, and 
the Bubble continued afcending till the Cloud was all pais’d, after, which 
it refum’d its former Defcent. It was a Cloud that yielded a cold Shower of 
{mall Hail. 


6. [27.—-—-The horizontal Motion of the Air, being fo quick as it is, may 

jn all probability caufe fome Part of the perpendicular Preffure thereof, &c.} 
‘The horizontal Motion of a Fluid can never take off the perpendicular Pref- 
fure, as it may be demonftrated mathematically 5 for tho? Mr. Haukfbee made 
an Experiment to try how the Mercury in the Barometer is affected by high 
Winds, ({ce his Book of Phyfico-Mechanical Experiments) and by the falling 
of the Mercury, concluded (perhaps led by the Conjecture of fuch a great 
Man as Dr. Halley) that the horizontal Motion of the Air took off from. the 
perpendicular Preffure: yet we fhall fhew, in firiétly examining the Experi- 
ment, that it proves no fuch thing; tho’ it leads us to the Caufe of the Mer- 
cury dancing in the Barometrical Tube in ftormy W eather. 


Plate 23. Fig. 6. 

A is a Copper Fountain containing about fix Quarts, into which Air is 
condens’d by a Syringe, till it contains feven or eight times as much Air as 
ufual, kept in by the Cock B. Then upon the Board K L, fupported by the 
Stands K Land HI, are fet up two Barometers, whofe Cifterns are contain’d 
= the Boxes D E, G F, communicating one with another by a Brafs Pipe 
DG. Another Brafs Pipe C D coming from the Fountain is fcrew'd 
into the Box D E, and over againft it a larger Pipe, as EZ M. Things being 
thus difpofed, upon turning the Cock B the Air rufhes out of the Fountain, 
or Copper Sphere, paffing with great Violence over the ftagnant Mercury in 
the Ciftern at D E, and fo out at the larger Pipe E M. Upon this not only 
the Mercury in the Tube belonging to D E falls from ¢ to «, but alfo the 
ut Mercury 
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Mercuty in the other Barometer falls as much, viz. from f to @. Now upon Annotat: 
{trict Examination there is not an horizontal Motion of the Air made over the Lect. X. 
ftagnant Mercury, but an Exhauftion of fome of it; for if you look at Fic. 6, en 
which reprefents the Endof the PipeC Dj; and the Beginning of the large Pipe 
E, M, exprefs’d' by the fame’ but {mall Letters, you will find that the End d (re- 
prefenting D) is continued over the ftagnant Mercury, and, with its End, made 
conic for that purpofe, enters a little way into the larger Pipe em, (the fame as 
Ii M) fo that it does not really blow over the Mercury in the open Air, 
but by blowing away the Air in E M, an Exhauftion is made of Part of the 
Air prefling over the two Cifterns DE and G F, whereby the Mercury at e 
and f defcends ; but vifes again upon fhutting the Cock, and fo every time, 
jutt,as it happens-when a Squall of Wind blows, and upon the abating of the 
Wind the Mercury returns,’ dancing: with a pretty quick Rife and Fall, till 
the Storm being quite over, the Mercury rifes very faft, and with a continu’d 
Motion, This will be farther illuftrated, by confidering a ftormy Wind 
blowing over the Surface of the Earth, as reprefented in the next Scheme. 

Plate 23. Fig. 7. Let D LM « reprefent the Circumference of the Earth, plate 23. 
and-C NO P.DILM the Atmofphere, L any particular Place, as, for ex= Fig. 7. 
ample, London. . Suppofe the Stream of Air or the Wind W to come from 
the right Hand in the Direction W E:: this willcarry off fome of the Top of 
the Atmofphere, fuppofe the Part A G CB, pufh it up to E, and drive it 
towards F, fo that there will be as it were an Hollow at G, and the Column 
of Air B L, which prefs’d upon London, be fhorten’d, and containing lefs 
Air than it did, prefs lefs upon the Mercury in the Barometer, fo that it will 
fall in the Tube; but as the Wind comes by Squalls, or Pufhes, when 
the Squall abates, the Air will come back from F, and the Places round 
where it has been heap’d up, and filling up the Cavity A G CB again, be- 
come heavier, and prefs up the Mercury in the Barometer. Now as the 
Wind blows in the Direction W E, a Tangent of the Earth, as we have ob- 
ferv’d, the Inhabitants of London will not feel the Wind, being below it, 
but have reafon to expect it from the Indications given by the Barometer, . 
and perhaps perceive it in the Motion of the higheft Clouds before it is fenfible 
below. During the whole Storm afterwards the Mercury will dance, till per- 
haps half.an Hour before its End, it will no longer dance, but rife very faft. 
For fuppofe then it blows in the Dire¢tion we, tho’ it be felt ftill by the Inha- 
bitants of L,. the Height of the Column LB will be then fettled, as there is 
no fucceeding Wind to blow in the Direction WE, to difturb the Atmo- 
fphere at B;.and there being no alternate Increafe and Decreafe of Preffure, 
there will be no dancing of the Mercury inthe Barometer, but an uniform 
and fteady Increafe of its Rife, by the coming in of the Air that had been dif- 
plac’d,. and hinder’d from.coming. in fully, by each returning Squall. Now 
whilft all the Mercury is quiet at London, (that is, rifes quietly) in another 
Place to which the Storm is going 3 fuppofe at Dublin, reprefented by D, (if 
the Storm goes from: Eaft to Weft) the Column of Air over that Place will 
be alternately lengthen’d and fhorten’d,-and the Mercury dance before the 
Storm be felt, whilft. it blows ftill pretty ftrongly at London. The sina 
| cing 
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Annotat. being here mark’d wiih the fame Letters, ({mall ones) the fame Explication wil! 
Lect. X. do bere. 
Neen eed 


7. [27-45 we fee Water runs the fafter for having great Declivity.\ 

Plate 23. ‘This has been {ufficiently explain’d in the lait Note. See the Figure *, where . 

8:7: FA Gand CG fhews the Declivity, which is to be {uppos’d from all Parts 
round about, when the Storm is wholly ceas’d. | 


ey 
Fy 


bbe. 
in the Notes.] 
In relation to the fixth Article, if it nains foon after the falling of the Mer- 
curys itis'a fign that only thofe Clouds are fall’n into Rain that ‘were very 
near the-Ground; and as this may be owing to.a fudden Blatt: of Wind, or 
a Flafh of Lightning, (whofe fulphureous Steams abforb the Air) ‘the upper 
Clouds, which are fpecifically lighter, defcend gradually, and only come 
down from an higher to a lower Station, by fo fmall.a Change in the Denfity 
of the Air; for if their Motion downwards towards their Aiguilibrium, in an 
Air of the fame fpecifick Gravity with themfelves, (tho? f{pecifically lighter 
than thofe Clouds that fell into Rain). be but flow, they wiil meet no Shock, 
and confequently they will produce no Rain. Add to this, that after Light- 
ning the Air rufhing in from all Parts to fill the Vacuity of the abforb’d Air, 
will render the Air at that Place heavier than before, and caufe all fach 
Clouds as have not been comprefs’d into Rain by their quick Fall, (which -oc- 
_cafions a great Refiftance of the lower Air) to rife again, and. make fair 
Weather. 
_ Tue feventh Article, that fays, That when the Mercury rifes much and 
high in foulWeather, and continues todo fo for fome time before the foul Weather 
75 over, we may expect a Continuance of fair Weather. Here we are-to con- 
fider, that when there has been a great Change made in the Denfity of the 
Air, not only the lower Clouds have had a great way to fall to come to their 
Place.of Aquilibrium, but alfo the upper Clouds ; and therefore they have 
mov’d downwards with an accelerated Motion, foas to meet fuch a Shock 
from the lower Air, as to drive their Particles of Vapour within the Power of 
each other’s Attraction, fo as to form Drops of Rain: and when once a 
Cloud is chang’d into Rain, tho’ the Drops be yet but fmall, let the Air in-. 
creafe its Denfity ever fo much, yet it willcometothe ground, becaufeno Air 
will have a fpecifick Gravity able to fupport it, tho’ it may retard ita little. 
Therefore, fince all thofe Clouds that are become Rain, muft fall; when they 
are all come down, there will be no more left to produce Rain, ‘till the Sky 
be fupply’d with a new Stock of Vapour from the Earth. | 

Mr. Paérick fays in his eighth Article, That in fair Weather, when the 
Mercury falls much and low, and thus continues for two or three Days before 
the Rain comes, then we muft expeét a great deal of Wet, and probably high 
Winds, Itisto be obferv’d, that he does not fay when the Mercury falls 
quick and low, but much and low; for then that would ‘be the Cafe of the 
feventh Article. But we may obferve, that when in this Cafe it “falls a ‘great 


I while, 


The Caufe of Mr. Patrick’s 6th, 7th and 8th Articles are explain’d 
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while, it falls but a little ata time, but as’it continues to fall may be very Annotat. 
low before there is any Rain. Now when the whole Weight ofthe Air, and Lect. X. 
confequently its fpecifick Gravity in each Region, gradually diminifhes, each “w= 
Cloud however it differs in Height from another, has but a little way to fall 
to come to its own “quilibrium, fo that it moves down like a I’cather, too 
gently to meet fuch a Shock from the inferior Air as will drive its Drops to- 
gether fo as to produce Rain. Therefore all that will happen, ‘is, that the 
heavieft Clouds will come gently to their quilibrium very near the Ground, 
and thofe which are lighter and higher (for Clouds vary in Depth according 
as they are made of finer or grofier Vapour, firft rais’d from their Cohe- 
fion in Water by a greater ora lefs Heat) come to their new quilibrium 
a little lower than their firft Place; and at every fmall Defcent of the Mer- 
cury all of them defcend a little lower without any Shock, till the Sky is 
overcatt, all the Clouds being very low. Now: upon the next Fall of Mer- 
cury, if it be more confiderable, as it will be by a Blaft of Wind not check’d; 
as; for Example, a South, or a South-wefterly Wind, the Denfity of the _ 

Air will be fo alter’d, that all thofe Clouds will) fall quick enough to meet 

with a Shock that will fo far condenfe them into Rain, that they cannot rife 

again before they are fallen to be exhal’d again. Now, as there are many 

Clouds brought near the Earth, and of fach different Denfities as to fall with 

different Velocities, (tho? the floweft. fall faft enough to be comprefs’d into 

Rain) it will take up fome time before they are quite down, and that is the. 
long Run of foul Weather. 


9. [24.—— Between the Tropicks the Rain falls at certain Seasons in very 
great Quantities, and yet the Barometer foews there very itttle or no Alteration. | 
About the Year 1717 I publifh’d this Paper againft Monf. Leibaitz*s Opt- 
“nion of the Caufes of the Variation of the Barometer, wherein what I faid. 
was deduc’d from Hydroftatical Laws, and therefore amounts to a mathema- 
‘¥jcal Demonftration : fo that it is needlefs to fay any thing in anfwer to what 
is, or may be alledged againft it. But M. Ge. Henricus Rajftius having in the 
Year 1719 publith’d an Anfwer to my Paper, has in an Epiftle treated me fo 
civilly, that I cannot (now my Subject calls me to it) refufe an Anfwer to his 
Objections. | 

it then, ‘I fay that Monf, Leibnitz, and thofeof his Opinion on:this Sub- 
ject, have miftaken the Effect for the Caufe; the Fall of Rain not being the 
‘occafton of, but being occafion’d by the Diminution of the Air’s Gravity and 
“Denfity confequent upon it. 

To follow M. Rajtius clofely, we will quote fuch Things as may not di- 

‘re€tly be anfwer’d from what I faid in my Diflertation. N° 3. He fays, 
‘< Leibnitz, according to the great Capacity of his Mind, contriv’d yet an- 
“© other way to-expofe more ‘evidently to-our Senfes the Truth of this Propo- 
<* fition. He would have mie take a Balance, from one of whofe Brachiums 
<¢ a pretty long Tube muft hang, fill’d witha Fluid, as Water, in which-a . 
‘ hollow Body mut fwim, but made of a Subftance fpecifically heavier than 
s Water, and in fuch manner, that when the Water comes into the ot 
4 66 fe) 
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Annotat. “ of the Body, it fhall defcend towards the Bottom of the Tube: In the 
Lect. X. ‘¢ Scale hanging at the other Brachium he would have an exact Counterpoife 
Lemmy “6 forthe Tube, Water and Body. Then he order’d, that the Water might 
‘s be made to enter into the Cavity of the Body, which for that purpofe muft 
** have a {mall Hole, fo ftopp’d at the Beginning of the Experiment, that 
** the Water in Time fhould overcome the Refiftance of the Stopple, and run 
‘* gradually into the Cavity of the Body. And that then this heavy Body, 
** that had been before fuftain’d by the Water, coming to fall, the quili- 
** rium would be loft between the Tube containing the Water with the Body 
‘* falling in it, and its Counterpoife would certainly prevail, becaufe the 
‘¢ Water in the Tube would then have loft fomething of its Weight. But 
** this great Man confidering afterwards that fuch a Body could not be made 
** hollow without great Difficulty, and a Danger of difturbing the Agquili- 
** brium, if the Method propos’d to Ramazzini was follow’d, in his Epiftle 
“< tothe famous Biguon, {ubftituted, &e.” | 
Now this Experiment which he firft propos'd is not very difficult, and may 

be made in the following manner, and with the following Succefs. 


ExpERIMENT .. Plate 23. Fig. 8. 
Plate 23. Ler BCD bea Glafs Tube, or a long Glafs of two or three Inches Dia- 
Fig. 8. meter, hanging at B from one of the Ends of a Balance, and let it be filPd 
with Water to SS; then let an hollow.Body of Lead a $ like an Egg; witha 
_ little open Hole at ¢ at top, and an Hole at bottom at 4 ftopp’d up with Su- 
gar, be feta floating in the Water, whofe Surface it will raife up toss: then 
to all this make an exaét Counterpoife in the oppofite Scale of the Balance. You 
will obferve by degrees, as the Sugar at d melts, the Water will run‘into the 
hollow of this leaden Egg, whilft the Air runs out at a, foas to fill it, and 
it will defcend in the Tube, as at cd, the Surface of the Water alfo coming 
down again to SS, , You will fee the Counterpoife. preponderate,. and. the 
Tube with its Contents rife: not becaufe the Bottom C D is lefs prefs’d on 
account of the Body falling and lofing all its Weight, which before made a 
Part of the whole Fluid ; but becaufe, by the Water running into the Egg 
it falls from sstoSS, and the Pillar of Water SC D s has loft of its Height 
according to which it prefs’d, and being come down to SS, weighs only as 
*L.9. .SCDS, which has lefs Height *. Whilft the Egg is at ad, it adds to the 
“Weight of the whole Fluid as much as if an equal Bulk of Water was pour’d 
in, and that whether the Egg be fpecifically heavier or fpecifically lighter than 
the Water, or of the fame {pecifick Gravity. As the Egg defcends it preffes 
upon the Column of Water c e f d, and therefore aéts more ftrongly-on the 
Bottom CD, in proportion as it is retarded in its Fall; for ifthe Tube was 
long enough for the Egg to be retarded by the Refiftance of the Water till it 
came to an uniform Motion, it would make the Column of Water ce fd 
prefs enough to recompenfe the want of Water in the Space s SS s, and the 
Aiquilibrium would be reftor’d. . Te 
In N° 4. Raftius fays ‘¢ Now let us fee and examine in a few Words, 
“ why Defaguliers and Leibnitz could not agree in this Affair. We ae yi ae 
** whole 
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whole Doctrine to turn upon this, viz. the Principle and the Experiment Annotat. 
“* of Leibniiz are the Subject of the Controverfy. De/aguliers by his Objec- Lea. IX. 
‘* tions does not fo much as attack the Principle or. this Propofition, viz. —ay—— 
<< that Bodies in falling’ do not gravitate y that is, directly fo as to. deny 

any one of the Things fuppos’d in the Demonftration, or to fhew a Paralo~ 
gifm committed in it; but yet by what he alledges endeavours. to infer 
** from. fome hydroftatical Foundations what fhould overthrow this firft. 
“ He fays; "let A B be the Bottom of a Veffel, €2c.” 

Now I don’t fay it in the very Words, yet what I prove’ comes to what I 
fay now, viz, thar Bodies falling in Fluids do gravitate in their Fall, and 
that with all the Weight whereby their fpecifick ‘Gravity exceeds that of the 
Fluid 5 and that the Momentum’ which they lofe, by the Refiftance of the 
Fluid in which they fall, is communitated to the Fluid fo as to make the Co- 
lumn under them gravitate more ftrongly upon the Bottom on which it ftands: 
and if the Body in its Fall is come toa uniform Motion, the Bottom will be 
as much prefs’d as'if the Body having fallen thro” the whole Fluid, was already 
there, at reft upomthe faid Bottom. “~~ fered Wes ay ; 
> Tren in N@ sth, Rafias makes a difficulty about 'a Column of a Fluid that 
is’ heterogeneous; ‘as if I had ‘not ‘taken notice that that is the cafe in, ‘the At- 
molplere.'*'But°the Demonftration’ of thé’ hydroffatical Paradox holds good 
there too; the? Atmofphere being as it were made up of different Strata, 
whofe {pecitick, Gravities diminifh as we go. upwards, except-upon fome ex- 
traordinary Occaftons,: fuch as we have taken notice of.in N° 7. Page 341. 
© Nayy iPatany tue the Strata are-not’ plac’d according to, their {pecifick 
Gravity, they ait foot’ obtain that Pofition: and Inftances may be given 
when the Preflure fhall remain the fame, tho’ the Scale of Atmofpherical Den- 


fity, ‘ov the Sunk OF allthe Denfities be alter’d. 
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"Ler us fitppole’a Coluinn of the Atmofphere confin’d, fo that it) may, not Plate 23. 

cominuinicate’ with ‘any ‘other Columns ‘laterally’: As. it would happen ‘if Fig: 9 

A BC D'was*aTower enclofing the faid-Column, reaching up,to,the ‘Top of 

the! A'tmofphete, ‘and: open atop... Within that Column, {uppofe, another, as 

GE PH, apd the’ whole large Column, diminifhing in Denfity from BC to 

APDO’ Now if we fuppofe a large Body, as K, to come into the middle of the 

above-mention’d’ large Column, ‘and that Body to be ‘{pecifically lighter than 

that Part of the Atmofphere whofe room it takes up in the Space 4.11 0.m.k, 

as it might happen when a light Cloud is rifing up. before. it is come;to. its 

Place ‘of ' Aig brinm.: V fay‘then thatthe Bottom EF comes to: be lefs 

prefs*d*thart it was," (tho? the, Height A D remains the fame) becaufe there is 

lefs Matter in the Column G'E FH than there was: but. this: only happens 

if the’ Cloud fills up the Space of the Tower reaching from #to.o; forif the 

Cloud’ does not ‘reach ‘the Sides of the Tower, and. -léaves-a Paflage, as i & 

or /'m, tho’ it be larger than the ColurznnG EF H, whofe-upper Part it di- 

vides from the lower’; the Preffure will be propagated. from GHito EF thro’ 

tkand/m, tho’ the Scale of Denfity inG'E FH? be alter’d, and EF will 
Vou. IL. | Aaa be 
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Annotat. be prefs’d as before K. was intercepting the middle of it: and that as. long as 
Let. X. K ftays where it is, whether it be {pecifically heavier, or fpecifically lighter 
w—y-— than the Air whofe Place it takes up... 


Plate 19. 
Fig. 22. 


*Ligi 


'* Tren Kajtius fays.in N° 6, that.by fpeaking, of the Defcent of the Clouds 


A, B, (Plateig. Fig. 22.) to CD, I mutt fuppofe new Matter to be added 
to them to caufe their Defcent, and draws Confequences againft me from that 
Suppofition. When I mention’d the Clouds firft at A, B, thenat C, D, as 
I only made a Suppofition, I did not take notice of what Caufes would make 
them rife and fall, but confider’d them only as Bulks of fuch a Bignefs, which 
being either in one Part or another ofthe Atmofphere, did not by their Re- 
moval from one Place to another alter its Height, and therefore did not alter 
its Preffure. It isa wrong Notion to think that the Atmofphere, keeping the 
fame Height, muft always vary in Preffure every time its Scale of Denfity is _ 
alter’d. The Fallacy of it arifes from want of underftanding the hydroftatical 
Paradox, or rightly applying it. The Preffure upon the Bottom of any Vef- _ 


fel, as AB, Plate 19. Fig.21. is always the fame, when the Height is the 


fame, tho’ the Quantity of Matter be ever fo different’: fo that the Column, 
C ABD may be diminifh’d: in any. Part, or increas’d, exceptvits Bafe and 
Height, and the Preffure on the Bafe remain the fame. \; Its Quantity of Mat-: 
ter may be 1000 times greater, ora 1000 times lefs *. . I know,that it will be 
anfwer'd, that this is only for homogeneous Fluids 5, but.the cafe is. not the. 
fame in heterogeneous Fluids, as the Air. But when a Fluid gradually de- 
creafes in Denfity, as it happens in pure permanent, Air, the Cafes the fame 5, 
for unlefs:the Clouds, Vapours and Exhalations, were to incorporate with) the 
Atmofphere, they are not, to be taken.into the Scale of Denfity.....Whilft the 
Air can prefs down between the Clouds, we may, look: upon.any.Part of the 
Surface of ‘the Earth as prefs’d, by a Pillar. of Air uniformly , decreafing in. 
Denfity from .the Ground to the Top of the Atmofphere, which (tho’ it be. 
undetermin’d by reafon of the infenfibly. decreafing Denfity of the Air) may= 
be confider’d as 60. Miles high; weighing. as much, as.a-Column. of. Air - 
equally denfé, with what we commonly breathe, of between five and fix Miles, 
in Height. Indeed if there was a Cap of Clouds continuous, and covering a 
large Tract of Ground, fuch as we fuppos’d the Cloud K,. Fig. 9., there, might, 
be fome {mall Alteration in the Scale of Denfity. The Prefence or. Abfence of, 
the Clouds does no way difturb the hydroftatical Paradox in relation to;the : 
Atmofphere, whilft they continue in the fame Place, and ifjit was: poflible for. 
them to remain in their Places, and be of-different fpecifick Gravitiesy they. _ 
would only exclude fo much Air.as was equal to their Bulk ; for any Quan... 
tity o& Air, any how inclin’d, if high enough, and-coming freely.to the.Bafe - 
whofe Preffure we confider, would give the fame Preffure. . Thus in..cloudy. 
Weather, itis a Miftake to fay the Air is loaded with Vapours ; far.the;Va- . 
pours or Clouds form’d from them only. exclude fo much Air as. would fill up» 


_ the room they take up: for if they were incorporated with the Air, and the, 


watery Particles mix’d in its Interftices, the whole Air would prefs. more, and, 
the Mercury by its Rife would fhew it in the Barometer, contrary to Obfer- 
vation 3. the Mercury rifing moft when the Air is. cleareft, _ 

! " Plate. 
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Plate 23. Fig. 10. Let C D be Part of the-Earth’s Surface, and A C DB Annorat. 
an atmofpherical Column, being moft denfe at Bottom, and gradually rarer from Leét. X. 
CD to AB: it is not neceflary that there be a certain Quantity of Matter —~——~4 
prefling upon C D, to give always a certain Degree of Preflure, provided the Hv 3° 
Height remain, and Bafe be free ; forthe crooked Column C NMIK LOD, *'” 
containing much lefs Matter, but the fame Height, and the fame Decreafe of 
Denfity as AC DB, will prefs as much upon CD, tho’ preffing in an ob- 
lique Direction, by reafon of the Interpofition of the Bodies NM PLQO, 
which we may confider as having no fhare in that Preflure.. And now in 
complaifance to thofe who are fond of the Confideration of the Scale of Den- 
fity, or all the Matter in an atmofpherical Column, confider’d as prefling on 
any Bafe: I fay, that when once the Clouds are at reft, this laft Confideration 
will give the fame Preflure as the hydroftatical Paradox, Let CD, Plate 23. 
Fig, 10, be Part of the Surface of the Earth prefs’d by the Atmofphere: we 
confider the Preffure as proportional to a Column, of ‘the Atmofphere, as 
AC D B without Clouds. Now if wetake an equal, Part of the Surface of 
the Earth, as EF, and confider it as prefs’d by the.Column B E F H, made 
up of Air and Clouds, it will appear that that Column will weigh neither 
more nor lefs than A D. Becaufe fince the Clouds will not reft, but either ri@ 
or fall till they come to a Place or Stratum, where the Air is of the fame fpeci- 
fick Gravity with themfelves, it will be the fame thing as to Preffure,. whether 
the Column G F be all of pure Air, ,or has in,it Clouds weighing juft as much 
at that Air, whofe room they take up, all the while fuppofing the Columns of 
equal Heights, Bn | : 
Now fince I have fhewn, that when I mention’d the falling of Clouds, I did 
not mean that they became heavier by an Addition of new Matter; it may 
be expected that I fhould give the Reafon of a Cloud’s Defcent, which I take 
to be this. When fome of the fuperior Air is carried off by Winds that are 
uncheck’d, the Air at the fame Height as the Cloud being eas’d of fome-of 
the Weight that comprefs’d. it expands itfelf, and becomes fpecifically lighter 
than it was; whereby the Cloud that does not expand, but keeps the fame 
Bulk and fpecifick Gravity is no longer fuftain’d, but falls by a Force pro- 
portional to the Quantity of Matter whereby it exceeds the expanded am- 
bient Air in Denfity, till it comes to fettle in an Air of the fame fpecifick 
Gravity with itfelf, where it finds its Place of Aquilibrinm, So that it is the 
“Air, by becoming lighter, that makes the Cloud fall, and not the Cloud, by 
falling, which makes the Air lighter, as Mr. Letduitz would have it. 
\ Here in N°7, Raftius fays, that all that he has quoted from me hitherto 
might have been pafs’d by, as having no great Conneétion with what follows + 
but that he only took notice of thofe Objections, becaufe he would follow me 
clofe. I have return’d him the Compliment by being fo particular hitherto. 
Bur now in N° 8. Rajtius accufes me of having attributed an Opinion to 
Leibnitz, which neither he nor his Followers hold ; namely, ‘¢ That I fay 
“ he affirms that a Body which being detain’d in a Fluid makes up Part of 
** its Weight, lofes all that Weight, when it comes to fall. But that when 
‘* Leibnitz {peaks of the Body not gravitating as it falls, he does not mean 
| Aaa 2 “¢ that 


deat te : : 
304. 
Annotat. 
Lect. X. 


ee ed, 


Plate 19. 
Fig. 24. 


- 


A, Courfe.of Experimental Philofophy, 
“© that Part of its Gravity, whereby it is i” equilibrio with the Fluid ; that 
“\this is aferibing tofuch a great Man‘an Error, which Beginners in, Hydro- 
‘s ftaticks could not)'be: guilty of, €9¢.” Now if this was hot Mr, Leibnitz’s 
Meaning, how ts ‘this a new*Prineiple ? °° Héw is the Air become lighter by 


the falling of Rain, unlefs°it thas loft the Weight it had ‘when it fuftai?d it. 


To fhew that Mr.“Fonreneley from ‘whom: ] ‘had Mr. Leibpire’s Opinion, 
thought fo as wellas I, I beg leave to quote ‘his own W ords.~—_—. Afi 
Leibnitz dans une Letire qu'il a°tcrit a’M. P Abbe Bignin, en donne une Raijon 
plus ingenicufe & plus menve. ll pretend quan Corps thranger qui cf dans un 
Liquide, péfe avec ce Liguide 8 Fait ‘partie de fon Poids total, tant quil eff 
foutenus mats ‘que Silceffede Petre, S tombe par’ confequent, Jon poids ne fait 


plus partie du Poids du Liquide qui par ta vient a pefer moins. That is 
« But Mr. Lerbnitz,’in a ‘Letter whith’ he has ‘written to A’bbé Bignon,. gives 
<¢ a more ingenious Reafon for a Fe pretends, ‘that'a ‘ftrange Body which 
 isina Liquid weighswith that Liquid; “and makes Part of its total Weight, 
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taken off from B are given to W, which falls thereby ; but as the Water Annotat. 
yields|to the falling Lead, it gives the Water but Part of that Weight at a Le&. X. 
time; but if the Tube had Length enough to come to an uniform Motion, s-yo=2 
the Preflure of the Water upon the Bottom D.I would be-as great before the 
Liead came to the Bottom, as when it ‘fhould be come to it. Nay, as foon 
as the Lead begins to’fall, the Water becomes heavier, provided that before 
the Thread be cut the Lead that hangs inthe Water be fufpended fromm no 
Part of the Brachium of the Balance B, The Experiment then muft be ‘made 
as reprefented by Aig. 23. which I need ‘not repeat, having ‘already defcrib’d 
it, and the, Tube will fink the very Moment that the Thread is cut. 

Raftius, in N° 13, is pleas’d to be merry about this way ‘of making the 
Experiment “« Without doubt, fays he, De/aguliers is far‘from the Opi- 
** nion,. that the Vapours affording Matter for Rain are fupply’d by fome 
** Geniijor Spirits, (like the heavy Body ‘held in. Water by the Hland) and 
*« not-held up aloft by the Aquil:brium of the circumfluent Air,?——“_—+«»« Fhe: 
Joke is fo good, that here I leave Mr, Rajiius tovenjoy it. 


10. [ 33. —Dr. George Martine, Sc.) The late Dr.:G. Martine, in: 
his ‘Book of Effays, printed at London for A. Millar, 1740. has four upon the 
Subje&t of Thermometers, wherein he has treated that Matter excellently: 
well; and as the whole is worth confideting, and I shave not:room here to 
infertat, 1 muft refer my Reader to the Book. I ‘have -only copied from 
hinvin one of my Plates ithe ifeveral Thermometers which he compares, and: 
here Pl] mention the>Heads of what he treatsiof in thofe Effiys that relate ta: 
our Subject. 

*« [Essay 3. Of the Conftru&ion and Graduation of Thermometers, 

“* Essay 4. Of the Comparifonrof different Thermometers. | 

“ Essay 5. Of the Heating and Cooling of Bodies. i 

“« Essay 6. Of the various Degrees of Heatin Bodies; ‘containing eight 
*¢ Articles, which are as follows, viz. a.°'The way of computing the diffe: 
‘s rent Degrees of Heat, 2. The Heatvof the Air. 3. The comparative 
** Heats of the Sun, Earth, Planets, and Comets. 4. The Degrees of 
‘© Heat in Animals. 5. The preternatural Heats of Animals. 6; The 
“* Fieats of Waters, Oils and Salts, according to their Fluidity and -Con-- 
“* fiftency., ‘7. Theomelting and fhining Heats of Metals and Minerals. 8. 
“« The boiling Heat of liquid and ‘melted Bodies,” 7 

Iw the Year r7q1 I had a curious: Spirit-Thermometer fent to me from: 
Parissby Mr. Micheli du ‘Creft, of his Invention, which I think to be one of 
the beft Spirit-Thermometers that ever Ifaw. It has four ‘Scales befides its. 
own, viz, according to the old Thermometer of the Royal ‘Obfervatory ‘at 
Paris, according to Mr. de ‘Reaumur, according to Mr. de PZfle, and accord 
ing to Farenheit. He alfo fent me particular Directions for ‘the making of it, 
with all the neceffary Cautions to be obferv’d; but as I have already declar’d 
my preferring the mercurial Thermometer, and my Reafons for-it, I fhall not 
communicate Mr, du Crefi’s Paper here. 

Il. 
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Annotat. 

Leét. X. rraiso This ts only when Water boils in open Veffels.| Tho? boiling 

wenn Water be mark’d asa‘fix’d Point on the Thermometer, yet it may lead one 
into an Error, becaufe boiling Water is hotter when the Air is heavy, than 
when it is light; fo that'to fix the Degree of Heat of boiling Water on the 
Thermometer, we muft mention the Height of the Barometer at that time. 
-For when the Barometer is very low, fuppofe at 28 Inches, a lefs Degree of 
‘Heat will make it boil, as it is prefs’d by a lefs heavy Atmofphere ; and a 
greater Degree will throw it off in Vapour. But when it is very fair Wea- 
ther, and the Barometer ftandsat near 31 Inches, a much greater Degree of 
Heat is requir’d to make it boil, it being then prefs’d with near +, more on 
account of the Air’sincreas’d Weight. A greater Degree of Heat than what 
makes it boil then will not remain in the Water, becaufe it will make. it eva- 
porate. Ifthe Water was prefs’d with a ftill heavier Atmofphere, it would 
require more Heat to make it boil, only becaufe it would keep its Parts more 
ftrongly together; for it is not true that Water, as Water, is not capable of 
a greater Degree of Heat than what makes it boil: but Water as it 75 circum- 
fiane’d, as it is prefs’d by an Atmofphere not weighing above 15 Pounds 11 
Ounces upon an Inch, is not capable of retaining a greater Degree of Heat, &c. 
But if the Surface of the Water has a greater Refiftance than that of the Atmo- 
{phere by being confin’d in a clofe Veffel, it is fufceptible of much more Heat. 
Profeflor Mu/chenbroek told me, that in Papin’s Digefter he made Water fo 
hot that it melted Lead. And I have often feen it melt the Solder, (made of 
Lead and Tin) which held together the Parts of the Copper Veflel in which 
it was heated, when confin’d. We are forc’d to ufe what is call’d hard 
Solder, made of Spelter, or of Silver and Brafs ; to make Brafs or Copper 
Veffels hold the Water confin’d, and much heated, without melting in 
the Joints. 

-O1vs have a much ftronger Cohefion of Parts than Water, efpecially Lin- 
feed Oil, which requires four times the Heat that Water does to make it 
boil. Water has fo little Tenacity, that if it was not for the Preflure of the 
Atmofphere, a very {mall Degree of Heat would feparate its Parts, and turn 
it into Vapour; for when it is buta little hotter than new Milk from the 
Cow, upon taking off the Preffure of the Atmofphere by the Air-Pump, that 
fmall Degree of Heat makes it evaporate. Nay, fo little Tenacity in. Water 
does any Experiment yet made fhew, that I queftion whether the Parts of Wa- 
ter touch one another any more than thofeof Air, tho’ they are generally nearer 
together than thofe of Air. But dare not pronounce any thing concerning 
that Matter for want of fufficient Experiments, The repellent Force of Wa- 
ter, as Water; (for here I take no notice of the Force that actuates its Particles, 
when turn’d to Steam) is immenfely great, tho’ it reaches but a little way; 
far the Attraction of Cohefion begins at a very {mall Diftance. It is the re- 
pulfive Force which makes Water incompreflible ; and it is greater than the 
repulfive Force of Air at the fame Diftance. For from a remarkable Experi- 
ment already mention’d, of Dr. Hales, it appears that the Particles of Air can 
be brought nearer together than thofe of Water. I mean the Air condens’d in 

_ the 
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the Bomb that he broke by freezing, which was about 1600 times denfer Annotat. 

than common Air, and confequently twice denfer than Water. Page 245, Lect. X, 

246, 247. of this Book. Now let us confider, fince we have fhewn the ——y—_. 
conftituent Parts of Air to be bigger than thofe of Water, whether it is 

not poffible for the Parts of Water not to touch one another, fince they 

could never be brought to a Denfity above half fo great as:Air has been. 

brought to, 


12. [38.———Thofe Philofophers who affert the being of an elementary Fire 
affert a little too much.| In Dr, Hales’s Vegetable Staticks, Volume 
1. Page 28, & /eg. you'll find Sir [/aac Newton’s Opinion and his about the 
Nature of Fire in the. following Words-————-“ Is not Fire a Body: 
<< heated fo hot.as to emit Light copioufly? For what elfe is a red- 
¢ hot Jrom than Fire? And what elfe. is.a burning Coa/, than red- 
“* hot’ Wood ?. Qu. 10, Is not Flame a Vapour, Fume-or-. Exhalation. 
“ heated red-hot; thats, fo hotas to flame? For Bodies do not flame 
** without emitting a copious Fume, and this Fume burns in the Flame... 
«¢ —____Some Bodies heated-by Motion or Fermentation, if. the Heat. 
‘* grows intenfe, fume copioufly ; and if the Heat be great enough, the 
‘¢-Fumes will fhine, and become Flame: Metals in fufion do not flame for: 
‘* want of a copious Fume, except Spelter which fumes .copioufly, and > 
“¢ thereby flames: All flaming Bodies, as Oil, Tallow,. Wax, Wood, Fof- 
*¢ fil Coals, Pitch,. Sulphur,. by flaming. wafte and vanifh into burning 
‘¢ Smoak ; which Smoak, ifthe Flame be put out, is very thick and vifible, - 
“ and fometimes {mells ftrongly, but in Flame lofes its Smell by burning ; : 
‘¢ and according to the Nature of the Smoak the Flame is of feveral Colours, 
‘* as that of Sulphur, blue; that of Copper open’d. with Sublimate, green ; 
“‘ that of Tallow, yellow; that of Camphire,. white; Smoak paffing thro’ 
<¢ Flame cannot but grow red-hot, and red-hot Smoak can-have no other: 
*¢ Appearance than that of Flame.” 

Bur Mr. Lemery the younger fays, ‘¢ That the Matter of Light produces: 
‘© Sulphur, being mix’d with Compofitions.of Salt, Earth, and. Water, and. 
‘¢ that all inflammable Matters are fuch only in virtue of the Particles of Fire . 
‘© which they contain, For in the Analyfis, fach inflammable Bodies pro- 
‘* duce Salt, Earth, Water, and a certain fubtile Matter, which pafles thro’. 
‘s the clofeit Veffels ; fo that what pains foever the Artift ufes, .not to lofe any. 
*¢ thing, he ftill finds a confiderable Diminution of Weight. 

‘¢ Now thkefe Principles, of Salt,. arth and .Water are inactive. Bodies, . 
*and of no ufe, in the-Compofition of inflammable Bodies, but. to. detain 
«and arreft the Particles of Fire, which are the real, .and only Matter of : 
« Flame. 

“« Ir appears therefore to be the Matter of Flame that the Artift lofes in » 
‘«« de-compounding inflammable Bodies, Mem. de ?Acad, duno 1713.” 


But : 


368 A Courfe of Experimental Philofophy. 
Annotat. | Bur by many of the preceding Experiments, i¢ is evident, that the Mat- 
Le&. &. ter loft in the Analyfis of thefe Bodies was elaftick Air, a very active Principle 
weep in Fire, but not an elemental Fire as he fuppofes, 

<¢ Mr. Geoffrey compounded’ Sulphur of acid: Salt, Bitumen, alittle Earth 
6 and: Oiliof Lartar.* Mem. del’ Acad. dino1703. In which Oil of Tartar 
there is:much: Air, by Experiment 74 3 whieh Air was doubtlefs: by its Elafti- 
city very inftrumental in the Inflammability of this artificial Sulphur: 
Ir Fire was a particular diftinct kind of Body inherent in Sulphur, as M. 
Homberg, Wir, Lemery, and fome others imagine, then fuch: fulphureous Bodies, 
when ignited, fhould rarefy and dilate-all the cireumambient Air; whereas it is 
found: by many of the preceding Experiments, that acid fulphureous- Fuel 
conftantly ‘attracts and condenfes~a confiderable Part of the circumambient 
claftick Air. -An Argument, that there is no Fire endued with peculiar Pro-. 
perties inherent in Sulphur; and alfo-that the Heat of Fire confifts principally 
in the brifk vibrating’ Action and Re-aétion, between the elaftick repelling 
Aur, and the ftrongly-attracting acid Sulphur, which Sulphur in its Analyfis is __ 
found to. contain an inflammable Oil, and‘acid Salt, a very: fix’d Earth, and a 
little Metal. | 
N ow. Sulphur and Air are fuppofed'to be aéted by that etheréal Medium, 
‘“ by which (the great! Sir [/aac Newton fuppofes) Light is refraéted and re- 
“flected, and‘ by whofe Vibrations Light communicates Heat to Bodies, and 
<¢. ig put into Fits of eafy Reflection and eafy Tranfmiffion : And do not the 
‘© Vibrations of this Medium in hot Bodies contribute to the Intenfenefs and 
<< Duration of their Heat? And do not hot Bodies communicate their Heat 
to contiguous cold ones, by the Vibrations. of this Medium, propagated 
from them into‘cold‘ones? And is ‘not this Medium exceedingly more rare 
and’ fubtile than the Air, and‘exceedingly more elaftick ‘and active? And 
<* does it not readily pervade all Bodies? Opzicks qu. 18. The elaftick Force 
‘of this Medium, in proportion-toits Denfity, muft be above 490,000,000,000 
‘* times greater than the elaftick Force of the Air 1s, in proportion to its Den- 
Se fit, ibid, qa. 21°” “A Force fufficient to.give an intenfe Degree of Heat, 
efpecially when its Elafticity 1s much ‘increafed by the brifk Aétion and Re- 
a@tion of Particles of the’ Fuel and ambient Air. 
~~ FRow this manifeft AttraCtion, Aion, and Re-action, that there is be- 
tween the‘adid, fulphureous, and’ elaftick atreal Particles, we may not unrea- 
fonably conclude ; that'what’ we’ call’ the Fire-Particles in Lime,. and feveral 
other Bodies, which have undergone the Fire, -aré the fulphureous and elaftick 
Particles of the Fire fixed in’ the’ Lime’; which Particles, while the Lime was_ 
hot, were in a very active; attracting, and‘ repelling State 5° and being, as the 
Lime cooled; detained:in’ the folid Body of the Lime, ‘at ‘the feveral’ attrat-_ 
ing and repelling Diftances they then happened tq be at, they muft neceffa- 
rily continue in that-fixed-State, notwith{tanding the ethereal Medium, which 
is fuppos’d: freely to: pervade all Bodies, be continually folliciting them to Ac- 
tion : But when the folid Subftance of the Lime is diffelved, by the Affufion 
of-feme Liquid, being thereby emancipated, they are again at liberty to be 
influenced and agitated by each other’s Attraction and Repulfion, upon 
. which 
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which a violent Ebullition enfues, from the Aion and Re-aétion of thefe Annotat. 
Particles ; which Ebullition ceafes not, till one Part of the clattick: Particles Lect. X. 
are fubdued and fixed by the ftrong Attraction of the Sulphur, and the other ——-———_ 
Part is got beyond the Sphere of its Attraction, and thereby thrown off into 
true permanent Air: And that this is a probable Solution of the Matter, there 
is good reafon.to conclude from the frequent Inftances we have in many of 
the foregoing Experiments, that Plenty of elaftick Air is at the fame time 
both generated and abforbed by the fame fermenting Mixture ; fome of which 
were obferved to generate more Air than they abforbed, and others 2 contra, 
abforbed more than they generated, which was the cafe of Lime, 


EXPERIMENT 119. 


Awnp that the fulphureous and aéreal ‘Particles of the Fire are lodged in 
many of thofe Bodies which it aéts upon, and thereby confidérably augments 
their Weight, is very evident in Minium or red Lead, which is obferved to 
increafe in Weight about ,", Part in undergoing the A@ion of the Fire ; the 
acquired Rednefs of the Minium, indicating the Addition of” Plenty of Sul- 
phur in the Operation: For Sulphur, as it is found to aét moft vigoroufly on 
Light, fo it is apt to refle& the ftrongeft, viz. the red Rays; and that there 
is good ftore of Air added to the Minium, I found by diftilling fir 1922 
Grains of Lead, from whence I obtained only feven cubick Inches -of Air ; 
but from 1922 Grains, which was a cubick Inch of red Lead, there arofe in 
the like Space of Time 34 cubick Inches of Air; a great Part of which Air 
was doubtlefs abforbed by the fulphureous Particles of the Fuel, in the rever- 
beratory Furnace, in which the Minium was made; for by Experiment ro6, 
the more the Fumes of a Fire are confined, the greater Quantity of elaftick 
Air they abforb. ta | ; 

It was therefore doubtlefs this Quantity of Air in the Minium which burt 
the hermetically fealed Glafles of the excellent Mr. Boyle, when he heated the 
Minium contained in them by a burning Glafs.; but the pious and learned 
Dr. Nieuwentyt attributes this Effect wholly to the Expanfion of the Fire-Par- 
ticles lodged in the Minium, ‘* He fuppofing Fire to be a particular Fluid 
<¢ Matter, which maintains its own Effence, and Figure, remaining always 
‘* Fire, tho’ not always burning. Religious Philofopher, p. si0% 

To the fame Caufe alfo, exclufive of the Air, he attributes the vat E.xpan- 
fion of a Mixture of compound Aqua-fortis and Oil of Carraways, whereas by 
Exper. 62. there isa great Quantity of Air in all Oils. And by pouring 
fome compound qua fortis on Oil of Cloves, the Mixture expanded into a 
Space equal to 720 times the Bulk of the Oil, that Part of the Expanfion, 
which was owing to the watery Part of the Oi/ and Spirit, was foon contra@« 
ed; whereas the other Part of the Expanfion, which was’ owing to the elaftick 
Air of the O7/, was not at all contracted till the next Day, by which time the 
fulphureous ’umes had reforbed it. | 

Tue learned Boerhaave would have it, that Putrefattion is the Effet of 
inherent Fire. He fays, ‘* That Vegetables alone are the Subject of Fermen- 
** tation, but both Vegetables and Animals of PutrefaGion ; which Opera- 

MOL, 11, Bbb ‘i ** tions 
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Annotat. “ tions he attributes to very different Caufes: the immediate Caufe of Fer- 
Lect, X. ‘* mentation is (he fays) the Motion of the Air intercepted between the fluid 
Ww «+ and vifcous Parts of the fermenting Liquor 5 but the Caufe of Putrefaction 

<¢ is Fire itfelf, colleéted or included within the putrefying Subject, Proceff. 
‘© v7. But I do not fee why thefe may not reafonably enough be looked 
upon as the Effects of different Degrees of Fermentation; Nutrition being 
the genuine Effect of that Degree of it, in which the Sum of the attracting 
AGion of the Particles is much fuperior to the Sum of their repulfive Power: 
But when their repelling Force far exceeds their attractive, then the compo- 
nent Parts of Vegetables are diffolved. Which diffolving Subftances, when 
they are diluted with much Liquor, do not acquire a great Heat in the Diffo- 
lution, the Brifknefs of the inteftine Motion being checked by the Liquor : 
But when they are only moift, like green and damp Hay, in a large heap, 
then they acquire a violent Heat, fo as to.fcorch, burn, and flame, whereby 
the Union of their conftituent Parts being more thoroughly diffolved, they 
will neither produce a vinous, nor an acid Spirit. Which great Degree of So- 
lution may well be effeéted by this means, without the Action of a Fire, fup- 
pofed to be included within the putrefying Subject. Wherefore, according to 
the old Axiom, Entia non funt temere neque ab/que neceffitate multiplicanda, 


13. [44.——Machine for taking Levels.) In Phil. Tranfat. N° 385. you 
will find the following Account of my Machine for taking Levels. 

(1.) THar the Air-Thermometer ts alfo a Barometer, has been obferv’d 
long ago; and, becaufe the Liquor in it will rife and fall, as well by the Change 
of the Weight of the Air, as by the Air’s Rarefaction by Heat and Cald, this 
Inftrument has no longer been made ufe of as a Thermometer, and in its ftcad 
Spirit-of- Wine Thermometers hermetically fealed have been ufed ever fince. 

Bur becaufe the Errors of the Air-Thermometer, (or its Difference from 
the Spirit-Thermometer) depend only upon the Change of the Weight of the 
Atmo(phere from what it was, when the two Thermometers were fet at the 
fame Degree of their refpeétive Scales 5 the late Dr. Hooke contriv’d an Inftru- 
ment, that he called a Marine Barometer, made of a Combination of the two 
above-mentioned Thermometers, in fuch manner that a third Scale being made 
ufe of to obferve the Difference of the two Thermometers, thereby the Change 
of the Air’s Gravity, and confequently Storms, Rains and fair Weather, might 
be fore-told at Sea, where the Quickfilvyer Barometer becomes ufelefs by the 
fhaking of the Ship. 

Dr. Halley, fome Years ago, publifhed two Tables to fhew how much the 
Mercury in the Barometer would fubfide, when the Inftrument is carried up 
to determinate Heights above the Level of the Place where the firft Obferva- 
tion was made; but.as he makes only one tenth of an Inch of Fall of Mer- 
cury, to correfpond with an Height of 90 Feet (which Height is rather of 
the leaft) it is evident that only very high Hills and Mountains can have 
their Heights determined by this Method. The fame learned Profefior has 
lately, in the Philofopbical Tranfafions, propofed Mr. Patrick’s Pendent Ba- 
rometer, for taking the Level of diftant Places, becaufe the Mercury in the 

; Tube - 
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Tube of the faid Barometer, does fometimes rife and fall a Foot or a Foot Annotat. 
and a half: If therefore the Motion of the Mercury in this Barometer, be five Lec. X. 
times more fenfible than in the common one, a tenth of an Inch of Fall of t-—p—J 
the Mercury, will anfwer to an Height of 18 Feet ; and therefore fuch an In- 
ftrument might be of ufe in taking the Levels of diftant Places. But I know 
by many Experiments that this won’t anfwer in practice ; becaufe as the Tube 
of fuch a Barometer is of a very {mall Bore, the Attraction of Cohefion, 
whereby the Mercury is apt to adhere to the Tube, will difturb the Motion 
of the Merah caufed by the different Preffure of the Atmofphere ; fo that 
fetting up this Barometer feveral times fucceflively in the fame Place, it will 
often differ a tenth of an Inch, or more ; and if it be fhaken, as is commonly 
done to fet it right, the Mercury will fometimes part, and a Drop of it fall 
from the reft ; fo that it is lefs to be depended upon for this Ufe, than the 
common Barometer. 

Mr, Stephen Gray has often made a very fenfible Barometer in the follow- Plate 23. 
ing manner: Into a Bottle C B (Fig. 11.) he fixes a Tube AB, Plate 23, Fig, Fig. ts. 
11. of a very {mall Bore, open at both Ends, and cemented tight to the 
Neck of the Bottle at Cs then having warm’d the Bottle with the Hand to 
drive fome of the Air out of it, he immerges the End A into Water ting’d 
with Cochineal ; fo that as the Air cools in the Bottle CB, fome of the red 
Water is forced into the Bottle: then fetting the Bottle upright again as in the 
Figure, the Liquor in the Bottle will ftand at B, (above the End of the Tube) 
and that in the Tube at D; but if it fhould ftand higher or lower than D, it 
may be brought to that Place by fucking or blowing at A. The Inftrument 
thus prepar’d, if it be firft fet on the ground, anda fpringing Ring of fine 
Wire flipped on the Tube down to D, by way of Index, and then fet upon 
any Table or other Place fcarce a yard higher, one may obferye that the 
Liquor is rifen fenfibly. Ihave feen it rife a quarter of an Inch, when the 
Bottle was fet but a yard higher than where it ftood before; fo that the Co- 
lumn of Atmofphere that prefs’d down the Tube, whilft the Machine was on 
the ground, being fhorten’d only three Feet, was fo over-balanced by the 
Expanfion of the Air in the Bottle at B, that the Liquor rofe a tenth of an 
Inch above D. There is indeed a great Uncertainty in this Inftrument; for 
fince it is a Thermometer as well as a Barometer, the Warmth of the Hand that 
touches it, or even comes near it, will make it rife, if the Air in the Bottle 
was cold before. Mr. Gray therefore contriv’d to put the Bottle C B into the 
Veffel F E. which he filled with Sand ;_ that in raifing the Inftrument, and 
moving it up and down, the Air in CB might continue in the fame ftate, and 
the Machine be only a Barometer during the Experiment. This feems to bid 
fair for att Inftrument, whereby the different Levels of Places may be taken 3 
but upon’a nice Examination, it will be liable to Error: for in the firft place, 
tho’ Sand is not altered in its Heat or Cold fuddenly, yet.in two or three 
Hours, as it is carried into a warmer or colder Place, it will become hotter or 
colder, and the leaft Degree of Heat or Cold communicated to the Air C B, 
will alter the Height of the Liquor at D. When the Inftrument is made fo 
fenfible, as 1 have mentioned, then if in carrying the Injtrument it fhould 
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accidentally be inclin’d (as in Fig. 12.) fo that the Liquor in the Bottle fhould 
not cover the Bottom of the Tube at B, fome Liquor may fall out of the 
Tube at B, or fome Air may get into it; each of which Accidents, will quite 
fpoil the Experiment. But if this Machine be made portable, without any 
Inconveniency, and be fecur’d againft the Action of Heat and Cold (or which 
is the fame, if the Alterations by Heat and Cold be exactly allow’d for) it will 
be of very great ufe and certainty in taking the Levels of diftant Places, pro- 

vided they be not fo far diftant from each other, that it requires above fix 
Hours time to carry the Inftrument from one Place to another; nay, very 
diftant Places, even at two or three Days Journey from cne another, may be 
taken tolerably well with two Inftruments, nicely adjufted to each other, if 
they be taken notice of by two Obfervers at the fame Hour, in fair Weather, 
and when there isno Wind. Now, fuch an Inftrument, I hope, I have con- 
trived, whereby the Difference of Level of two Places, which could not be 
taken in lefs than four or five Days with the beft Telefcope Levels, may be 
taken in as few Hours. To the Ball C (fig. 13.) is join’d a recurve Tube 
BA, of a very fine Bore, with a {mall Bubble at top at A, whofe upper Part 
is open. It is evident from the Make of this Inftrument, that if it be inclin’d 
in carrying, no Prejudice will be done to the Liquor, which will always be 
right both in the Ball and the Tube when the Inftrument is fetupright: If 
by Heat, the Air at C be fo expanded, as to drive the Liquor to the Top of 
the Tube, the Cavity A will receive the Liquor, which will come down again 

and fettle at D, or near it, according to the Level of the Place where the Ins: 
ftrument is, as fcon as the Air at C returns to the fame Tenor in refpect to 
Heat and Cold, to preferve the fame Degree of Heat when the different Ob- 
fervations are made. The Machine is fix’d ina Tin Veffel FE, filled with 
Water up to gH, above the Ball ; anda very fenfible Thermometer has alfo. 
its Ball under Water, that one may obferve the Liquor at D, in-each Experi- 
ment, when the Liquor in the Thermometer ftands at the fame Height as be-- 
fore. The Water is pour’d out when the Inftrument is carried, which one. 
may do conveniently by means of the wooden Frame of Fig. 4. which is fet 

upright by means of three Screws; fuch as S, and a Line and Plummet. P P,.. 
the back Part of the wooden Frame, is reprefented by Fig..17. where, from 

a Piece at top, K, hangs the Plummet P, over the Brafs Point at N:) Mm. 
are Brackets to make the upright Board K N continue at right Angles with 


. the horizontal one at N. The 16th Figure does likewife reprefent the wooden 


Frame and Screws. The 15th Figure reprefents the Machine feen in Front, - 
fuppofing the Fore-part of the Tin-Veffel'tranfparent ; and here the Brafs- 
Socket of the recurve Tube, mito which the Ball is fcrew’d, has two Wings 
at II fix’d to the Bottom, that the Ball may not break the Tube by its en- 
deavour to emerge when the Water is pour’d in as high as gh: Afters 
had. contriv’d the Machine, as: above-mentioned, I confider’d, that as the 
Tube is of a very fmall Bore, if the Liquor fhould rife-into the Ball A ine - 
carrying the Inftrument from one Place to another, fome of it would ftick to 
the Sides of the Ball A, and that upon its Defcent, in making the Experiment, 
fo mich. might be left behind,. that tie Liquor wou’d not be high enough at 


> 
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D, to thew the Difference of Level; therefore'to prevent that Inconventeney; Annotate 
Ihave contriv’d a Blank Scréw to fhut up the Hole at A, (Pig) 13, and 157) Let. 
as foon as one Experiment is made, that'in carrying the Engine the Airin A eed 
may be in Balance with that in C, fo'that'the Liquor fhall not-run up and down: 

the Tube whatever Heat and Cold may ac upon ‘the Inftrument, in’ going 

from one Place to'another. Now, becaufe one Experiment’ being made “in! 

the Morning, the Water may be-fo cold. that when’a fecond! Experiment’ is 

made at Noon the Water cannot be brought to the fame Degree of: Cold that 

it had in the Morning ; therefore in making: the firft Experiment, warm. Wa- 

ter muft be mixed with the.cold, and when: the Water has ftood fome time, 

before it comes. to be as cold as itis likely to be at the warmeit Part of the 

Day, obdferve and fet down the Degree of the Thermometer at which the 

Spirit ftands, and likewife the Degree of the Water in the Barometer’ at FR? 3 

then ferew on the Cap at A, pour out the Water and carry the Inftrument to 

the Place whofe Level you wou’d know, there pourin your Water; and when 

the Thermometer is come to the fame Degree as before, open the Screw at top 

and obferve the Liquor in the Barometer. My Scale for the Barometer is ten 

Inches long, and divided into Tenths, fo that fuch an Inftrument will ferve 

for any Heights not exceeding ten Veet, each Tenth of an Inch anfwering to 

a Foot of Height. NN. B. I have not made any allowance for the Decreafe of 

- Denfity in the Air, becaufe I don’t propofe this Machine for meafuring Moun- 

tains, (tho? with proper Allowance for the decreafing Denfity of the Air it will 

do very well) but for Heights to be known, Gardens, Plantations, and the 
Condué of Water, where an Experiment that anfwers to two or three Foot in » 

a Diftance of twenty Miles, will make this a very ufeful Inftrument. = 


Here it will not be improper to add a Contrivance of Fabrenbeit’s, of a 
Mercurial Thermometer turn’d into Birometer, communicated by him in the 
fame Philofophical Tranfattions, N° 385. Here follows the Tranflation of his 
Defcription : . 

In the Account I gave of fome Experiments concerning the boiling of 
fome Liquors, which I tried, I mention’d that the Degree of boiling Water - 
was confined within the Term then mentioned, namely of 2123 afterwards I . 
learned by various Obfervations and Experiments, that that Term, when the | 
Weight of the Atmofphere remained the fame, was fix’d enough; but that 
the Weight of the Atmofphere varying, that Term might alfo differently 
vary. I fhou’d now give the Experiments made with that view ; but becaufe 
I want ftill to learn certain Circumftances, I will defer the giving an account 
of them to another time, and in the mean time only make mention ofa Ther- - 
mometer, which perhaps may be as fit to find out.the Atmofphere’s Gravity 
as the Barometer, if not fitter. The Draught of it is to be-feen, Plate 23. Plate 23. 
Fig. 18. : Fig. 18. 

To the Cylinder AB is join’d the Tube BC, to which is added an ob- 
long Globe CD, and to that a little Tube witha very fmall Hole DE. Let 
the Cylinder be fill’d with any Liquor that will bear the Heat of boiling Wa- 
ter, -In the Tube BC the Degrees of Heat-in the. Air. will be meafur’d by 

the 
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Annotat, the annex’d Scale dc. Now if that Thermometer be put upon boiling Wa- 
Leé&, X. ter, the Liquor of the Thermometer will not only fill the Globule CD, but 
een alfo rife to the different Terms of the little Tube DE, according to the De- 

. gree of Heat which the Water in the time of the Experiment will acquire 
from the Weight of the Atmofphere. So that, if for example at the time of 
the Experiment the Height of the Mercury in the Barometer be of 28 London 
Inches, the Liquor in that Thermometer will come to the loweft Place of the 
Tube DE; but if the Gravity of the Atmofphere be equipollent to an 
Height of Mercury of 31 Inches, the Liquor raifed by the Heat of boiling 
Water will go up to the top of the Tube DE; but the various Terms of 
the Heat of boiling Water will not be meafur'd by Degrees, but inftead of 
them by the Number of Inches, by which the Height of the Mercury in Ba- 
rometers is commonly meafur’d, namely by Help of the added Scale de. 
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Of the dir-Pump, Condenfing Engines, and Wind-Gun. 


TAVING treated of moft of the Properties of the Air, and ex-7.4. xy. 
H plain’d the Inftruments relating to the Weather, as Barometers, Amma 
Thermometers, and Hygrometers ; we have nothing farther to do 

in relation to our Hydroftaticks and Pneumaticks, but to illuftrate far- 
ther what has been explain’d and demonftrated, by defcribing the Air- 
Pump, and giving 50 of the moft entertaining Experiments upon that 
| Machine, which will enable the Reader to make 500 more if he pleafes, 

We fhall then fhew the Manner of condenfing Air, and defcribe fe- 
veral Machines for that purpofe; and conclude with fome Mitcellaneous 
Phenomena and Obfervations concerning the Air, taking in what could 
Not properly be confider’d any where elfe, 


A Defeription of the A1ir-Pump, Plate 24. Fig. 1. 

Tue Air-Pump (reprefented in Plate 24. Fig. 1.) confifts of two Brafs plate 24. 
Barrels or Cylinders, as reprefented by @ a @ a, twelve Inches in Height,and Fs: '- 
two their Diameters within. The Suckers, or Embolz, are raifed and de- 
prefled, by turning the Winch 44 backward and forward. The Winch 

1s faften’d to a Spindle, that pafles thro’ a Lantern, whofe Pins. perform 

the Office of Cogs; for in its Motion, they lay hold on the Teeth of 

the Racks cc cc, and {0 reciprocally as one is deprefs’d, the other is ele- 

vated : By which means the Valves, which are made of limber Bladder, 

and fix’d on the upper Part of each Embolus, as well as at the Bottom 

of the fore-mention’d Cylinders, perform their Offices mutually of ex- 

haufting and difcharging the fame Air, taken from the Recipient or Re- 

ceiver on the Plate of the Pamp. And when the Recipient comes to be 

pretty well exhaufted of its contain’d Air, the Preffure of the outward 

Air on the defcending Sucker is nearly fo great, that the Power requir’d 
to 
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Lect. XI. to raife the other is very little more, than what furmounts the F riétion of 
i. the moving Parts ; which renders this Pump preferable to all others; for, 
in the working of them, the nearer they approach a Vacuum, the greater 
is their Labour: But this that I am now defcribing (under the fame 
Circumftances) is quite contrary. 

Tue Bottom, of the Barrels are placed in a Brafs Dith, reprefented by 
dd, whofe Sides are about two Inches high, and is on purpofe to put 
Water in, to keep the Leather Collars (on which the Brafs Cylinders 
ftand) moift, whereby the Air is prevented from infinuating into the Cy- 
linders in thofe Parts. The Cylinders are {crew’d down on the fame by 
the Nuts ee¢e, which force the Frontifpiece f f down on them, thro’ 
which the two;Pillars ¢.¢.g 9. pafs; The Pillars have an Iron belonging to 
each of them, and pafs frony them in the form of a Swan’s Neck, de- 
{crib’d by gg, which Irons are faften’d to the hinder Part of the Frame, 
for their better Security from fhaking. 

From between the two Brafs Barrels arifes a Brafs hollow Wire hh AA, 
which hath a communication with each of them, by means of a perfo- 
rated Piece of Brafs, which lies along horizontally from one to the other, 
The upper End of this hollow Wire is faften’d to another Piece of perfo- 
rated Brafs 2 2, which {crews on underneath the Plate EF, which is ten 
Inches over, and’ has a Brafs Rim folder’d on it, to prevent the'fhedding 
of Water; for which there is occafion in feveral Experiments, Between 
the Middle and the Side of this Plate arifes a {mall Pipe 4, about an Inch 
and half in Height, thro” which into the fore-mention’d hollow Wire 
paffes all the Air into the Barrels, as it is taken from the -exhaufting 
Receiver. Upon the Plate of the Pump is always laid a wet Leather, on 
which the Recipients are placed: This wet Leather prevents the Air’s 
getting into the Glafles, whofe Edges are truly ground, and is of ufe for 
that purpofe beyond’ any’ Cement whatfoever, and not only fecures it 
from the Air’s IngrefS that ‘way, but bythe Ufe of it we can make fe: 
veral Experiments in the'fame’ time they formerly could make ‘one, with- 
out any daubing or difficulty. Another Excellency in this Pump is, the 
Contrivauce of the Gage, denoted by ////, which Gage is a Glafs Tube 
about 34 Inches long, and is fo placed that it cannot eafily receive Da- 
mage, and is altogether out of the way of any thing that is experimented 
on the Pump. uve 

Irs lower Orifice is plung’d in a Glafs of Mercury deferib’d by mm, - 
on the Surface of which is laid a Piece of Cork with a Hole in the Middle 
for the Glafs Tube to pafs through. On this Cork is placed a Board made 

- of Box Wood, about an Inch in Breadth, and groov’d in the Middle to © 
receive the fore-mention’d Glafs Tube, which is loofely loop’d on to the 


fame 
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ame by two Brafs Loops, that it may have the liberty of rifing and fal- Le@, XI. 
fing as the Mercury afcends or defcends in the Gage. ‘To the upper Part ay 
of this Tube is cemented a Brafs Head, which Brafs Head fits, into the 
fore-mentioned perforated Brafs-Piece, that, is {erew’d on under the Pl ate, 
and has a communication, as, well with. the Recipient,.on the. fame, as 
with the hollow Brafs Wire 4/hh pafling between the two Barrels, 
The Box Board is graduated into Inches and Quarters, from the Surface 
of the Quickfilver to 28 Inches high: From thence’ .’tis,, divided into 
Tenths of Inches. 

By this Gage the Degrees of Rarefaction in any Inftrument are at all 
times moft nicely to be ~obferved, The Air-Cock 7, which lets in the 
Air, is likewife a Screw on the fame fore-mentioned, perforated Brafs, in 
which the upper Parts of the Gage and hollow Wire are inferted. ff 
here and 0000 (Fig. 4.) reprefents a Receiver ftanding on the, Place 
of the Pump, on whofe upper Part , thro’ a Box of Collars of Leather, 
paffes a Slip-wire, whofe Office is to take up, let fall, or fufpend any 
thing at any determinate Height, in the Receiver, without the Air’s In- 
finuation. When Motion is to be given to Bodies in vacuo, without let- 
ting in the Air, the two Pillars K K are to be f{erew’d on. upon the Pump, 
to hold a Crofs-Board, whofe Under-Side is arm’d with a Brafs or Iron 
Plate to receive the upper Part of anIron Axis, which carries a Pulley 
fix’d to it to receive a Rope coming from a Wheel, (not reprefented here, 
but fuppofed big enough to give this Pulley a very rapid Motion) from 
whofe. Frame, Braces K L are carried again{t the Pillars to keep the Pump 
fteady. The Axis g 4h goes thro’ a Brafs Difh ¢7 upon the Receiver, 
which has a Collar of oil’d Leathers with Water at the top, to prevent. 
the Paflage of Air into the exhaufted Receiver ff. bb is a Piece to 
faften any Bodies to, that are to have a Motion given them. | For which 
purpofe alfo the Pieces of Fig. 31. Plate 25. are to be ufed. At other 
times Receivers like 0000 are to be ufed upon the Plate of the Pump. 

Mr. William Vream, who was my Operator. for Philofophical Ma- 
chines, alter’d Mr. Hauk ¢/bee’s Pump {0 as to have the Handle turn round 
always one way in its Operation, by means of a Crank, which by two 
leading Pieces gives the Wheel that moves the Racks, a | Motion of two 
Thirds of its Circumference every time the Crank goes round, whereby 
the Strokes are quicker tho’ fhorter, as may be feen in Frgure 2, and 3. 

Wuat Advantages he thought he gave Hauk/bee’s Pamp by it, take 
in his own Words. After he had copied Hauk/bee’s Defcription of his 
Pump (the Defcription juft given) he fays, 

“ Tus far Mr. Hauk/bee has defcrib’d the Pump ; which J hope I 
“** have fince improv’d by a Contrivance, whereby in turning the Winch 
AG page te Lice ‘ quite 


: 
2 ud 


378 


A Courfe of Experimental Philofophy. 


Leé, XI. quite round, the Emboli or Piftons are alternately raifed and depreffed ; 
‘ ee 


\ 


Plate 24. - 
Fig. 2, 35 


‘Band or String M m, which going round the Pulley 7, makes the A 


whereas in Mr. Hauk/bee’s way, the moving of the Hand backward 
and forward is not only more troublefome, but fhakes the Pump ; be- 
caufe it is requir’d to prefs the Piftons hard againft the Bottom-piece 
«under the Barrels to difcharge the Water from the Valves at every 
« Stroke, Befides, if the Pump fhould at any time happen to leak, when, 

an Experiment fhould be made in hafte; you may exhauft fo fat this 
way, as to make your Experiment without being at the trouble to 
pull the Pump to pieces, in order to make it tight; except in fuch 
« cafes, as require the Recipient to be perfectly exhaufted.” 


N.B. Tue 2d and 3d Figure’ of Plate 24, fhew wherein Vream’s 
Improvement confifts, AW reprefents the Wheel whofe Teeth take 
thofe of the Racks RR, which terminate in Rods that move the Piftons 
in the Barrels BB, Pc isa Leader, whereby the Crank Oc turn’d by the 
Handle H (reprefented by Cece H, in Fig. 3.) carries the Wheel from 
the Point P to the Point o at every Stroke, fo as to employ one Third of 
its Feeth on each fide, im raifing and depreffing the Racks, Here the 
Racks are fhorter, and the Wheel bigger than is uftak in Hawk/bee’s 
Pumps. cec is the Circle defcrib’d by the Bend of the Crank that car. 
ries the Leader, which Circle muft always be lefs than that mark’d with 
Points go m, on the Wheel of which the Pin P at the End of the Leader 


- defcribes a third ; otherwife the Crank might jam in its Motions, Cc, Cc, 


and Ce are three Pofitions of the Crank, and co, cm, &c. of the Leader, 
The Leader confifts of two parallel and fimilar Pieces, taking the Wheel 
on each fide ; as may be feen in Fg. 3. where cP, cP reprefents thofe 
Pieces, join’d by the Crank at ce, and the Pin at PP with the Wheel 
W between, whofe Axis isat A. CC is the Axis of the Crank, and H 
its Handle. | . 

HERE notice is to be taken, that the Receiver of Fig. 4. is moftly 


“ufed upon the Air-Pump, LH reprefenting a Wire which flips up and 


down thro’ the Collar of oil’d Leathers at C, with an Hook at H to hold 
a Body at any Height zz vacuo, and lift it up and down without. Ad- 
miffion of the outward Air. The 25th Plate reprefents many. other Re- 
ceivers, and the Manner of making the Experiments fuitable to them. 
What is now on the Pump, isa Receiver, on purpofe to give Bodies a 


fwift Motion zn vacuo, which we have drawn here upon the Pump, be- 


ati the manner of fixing it requires a particular Defcription, which 
OlOWS ; 


From a large Wheel at fome diftance (not drawn here) comes, the 
XS 


of 
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of it, with whatever is fix’d to it within the Receiver, turn round 20 Led. XL. 
times at every Revolution of the great Wheel. Now left fo fwift a 
Motion fhould let in the external Air, there are two Pillars KK, KK, 
{crewed to the Pump on the Outfide of the Receiver, with a Board, on 

whofe Underfide is a {trong Piece of BrafS to take in the End of the Steel 

Axis g hh, the other End of it bearing on and in a Piece within the Re- 

ceiver at 2, {crewed to the Plate of the Pump on that occafion. 77 isa little 

Dith to hold Water, the better to keep moift a Collar of oil’d Leathers 

in the middle of it, thro’ which the Axis paffes, (not drawn here) to 

keep out the Air. From the Frame of the great Wheel come two 

Braces againft the Pillars KK, K K, to keep all firm, whofe Ends only 

are feen here mark’d LL. N.B. The Pulley and Axis of this Machine 

and Spring to bold Flints to firike againf Steel in vacuo, are reprefented 

in the 3 1it Figure of Plate 25. and de/cribed in their proper Place. 


EXPERIMENTS 10 fhew the Expanjion of the Air, by its Spring, 
or Elaiticity. 


I. 4 aN a Bladder and {queeze out the Air, fo as to leave only what 
remains in the Folds of the Bladder; then tie it clofe and feal it, 
fo that the Air cannot efcape. Lay the Bladder on the Air-Pump, and fet 
a Receiver over it ; then exhauft the Receiver, and the Air in the Bladder 
will expand it felf fo as to blow up the Bladder; when you let in thé 
Air, the Bladder will return to its former Shape : Which fhews the Ex- 
panfion of the Air by its Spring or Elafticity. Plate2s5. Fig.t. 

2. To know how niuch the Air expands it felf, take a Glaf® Bubble, 
of about an Inch Diameter, with a Stem of about fix or eight Inches, fill 
it almoft all full of Water, except a very {mall Bubble of Air; then in- 
verting this Bubble or Bolt-Head into a Jar of Water, cover the whole 
with a Receiver, which exhauft, and the little Bubble of Air will expand 
it felf: So that by comparing the Bignefs of the faid Bubble of Air as it 
was at firft, to its Bignefs when expanded, you will know the Proportion 
of the Expanfion of Air. Plate 25. Fig, 2. 

3. ‘axe an Egg and break off evenly about a third Part of the Shell 
at the little End, and put the Yolk and White out of the Shell, and at 
the bottom you will fee a fmall Bubble of Air, which lies between the 
Skin and the Shell; fet the Egg up in fome little open Glafs on the Pump, 
and put a {mall Receiver over it, and when you exhauft the Receiver, 
the Air in the Shell will expand it felf, and raife up the Skin, fo as to fill 
the Shell, and appear like a whole Egg. Or take an Ege and make a 
fmall Hole in the little End, “and invert it in a fmall Glas, and fet it on 

Cec 2 | the 
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Leg. KI. the Plate, and fet,a Receiver over it, and when you exhauit the Receiver, 

Leny—~ the Air in the Bubble will expand it felf, fo as to force all the Egg out of” 
the Shell through the Hole inthe End; then let in the Air, and if the 
Shell be kept down, it will all return again into the Shell ; which like- 
wile {hews the Expanfion of the Air by its Spring. Plate as... Fig. 3.. 
_. 4..T axe the Plint-Glaf Bottle with the Brafs- Head, and puta little , 
Mercury in the Bottom, then take the long {mall Tube which is: made for 
that purpofe, and {crew it into the Hole, fo.that the End may almoft touch 
the Bottom of the Bottle; then fetting the Receiver with the large Tube, 
to cover the fmall one over Bottle and Tube, as you exhauft it you will fee 
the Mercury rife in. the Tube, according to the Expanfion of the Airin 
the Boitle, which (when the Receiver is quite exhaufted). will ftand-at 
the Height of the Mercury in the common Barometer. NN. B. The {mall 
‘Tube muft be open. at both Ends. 


N. B. Jf you compare the Height of the Mercury in the Gage under 
the Pump, with the Height of the Mercury in the Tube of the Bottle 
abcvefaid, they will appear to be of the fame Herght, which fhews that 
the Spring of the Air is juft equal to the Prefure of the Atmofphere, 
Plate 235... Fig. 4. oF gt 
ye Ba Taxe Gla& Bubbles and hollow Glafs Images, fo far fill’d with 
Water as to make them fink in a Jar of Water, the. whole being fet un- 
der a Receiver ; and upon drawing out the Air the Bubbles and Images 
will rife up to the top of the Water, but fink down again as you let in 
theAir. Plate 25. P7g. 5. 

6. Tur fame Experiment may be made by a Bladder: half fill’d with 

Air, and juft funk with Weights... 
7. Taxe a Bladder and {queeze out fome of the Air, fo that it will 
eo into a wooden cylindrick Box, then lay a Plate of Brafs over the Blad- 
der, and {crew a Wire into the Middle of the Plate, about g Inches high, 
lay on that Plate Lead-Weights, of what Weight you pleafe, with Holes 
in the Middle to receive the Wire; put it on the Pump. with a large Re- 
ceiver over it all, then the Receiver being open at the top, lay on a wet 
Leather and a Plate of Brafs, with a Piece of hollow Wire in the Middle. 
to receive the Wire in the other Plate, and to go alfo into the Holes of 
the Weights; then exhauft the Receiver, and the Air in the Bladder will 
expand it felf, and raife np the Weights, though you have above forty 
Pounds ; then let in the Air, and the Weights will come down as before, 
Plate 25. Fig. 6. | ly 

8. Take a {mall Tube, about five Inches long, and cement it into a, 
Brafs Screw, which will fix it to the Bottle which you ufe for raifing the 
Mercury ; then tie a fimall Bladder upon the End of the Tube which goes 
art } ae into 


\ 
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into the Bottle, and feal it tight, fo that ‘the Air cannot efcape any, where Leet: XT. 
but through the Tube: fqueeze the Bladder together, and having put ix ——W—~ 
through the Screw-Hole into the Bottle, {crew the Brafs’ Screw with a 
‘Leather upon it, tight into the Bottle, having firft’blown up the Bladder 
‘within the Bottle before you fix the Screw, fo make it tight with‘ Key, 
and fet the Machine ‘on the Pump with a Retsiver over it!’ ‘When you 
begin to’ exhauft, the Air in the Bottle will expand it felf} and’ prefs the 
Bladder together, which fhews how the Lungs of ‘an’ Animal 77 wacuo 
are preffed together by the Expanfion of the Air in the Thorax, becaufe 
the Lungs'having a correfpondence with the Receiver through the Wind- 
Pipe, have*no Air in them in fuch a cafe, to keep up the Lungs againft 
the Expanfion of the Air in the Cavity of the Thorax, which prefles a- 
gainft the Outfide of the Lungs; as the’ Air in the Bottle in this Experi- 
ment caufes the contain’d Bladder to fubfide. 22’ vacuo: © Plate 2 5a 
-g. Cats, or other Animals, die zz vacuo, if the Air is not let in. 
again very {oon. | | ! 

10. Frsues put in'a Jar of Water under a Receiver, will (when the 
Receiver is exhaufted) rife upto the Top of the Water, without being. 
able to go down to:the Bottom, becaufe the Air in their Wind-Bladder. 
being expanded againft their Will, makes them) fpecifically lighter than. 
Water : Sometimes the Bladder breaks, and then they fink down to the 
Bottom, whence they can rife nomore. NN. B. Fithes, Frogs, and other 
Animals that live inthe Water, will not die by exbaufting the Air from 
the Receiver, unlefs they be kept many Days in vacuo. bi | 
“a1. Take a fquare Phial, and put in a Cork, then feal it fo that no 
Air can efcape, and put it intoia Cage of Wire; then fet it on the Pump » 
with a Receiver over it, and when you begin to exhauft, the Air ‘in the 
Bottle will expand it felf fo as to break it. When you have made this 
Experiment, wipe the Leather and your Pump-Plate, fo that none of 
the Glafs remain, for it may fpoil another Experiment. Pilate 25. 
Fig. 8; 

12, THE fame Experiment is to be made with the Bottle and Cage 
under Water, in which cafe the Shock will be fo great as to fhake the 
whole Pump. Plate 2 5.- Fig. 9. 

IN. B. The Ue of the Cage is to binder any large Piece of the brokeir 
Botile from firiking againft the Receiver, which might endanger its 
breaking, | * 


Ex PERIMENTS 
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Cena EXPERIMENTS fo fhew the Sprina of the Air in the Pores 


of Bodies. 


13. Taxe an Apple as much fhrivelled as can be had, and lay it on 
the Pump, fet a Receiver over it ; as you exhauft the Receiver, the Apple 
will appear as fmooth as one frefh gathered, let in the Air, and. it will 
return to its former Shape. | 

14. Taxe a {mall Jar or Cup, and fil it almoft full of fmall Beez, 

then tafte it and fet it on the Pump, and put a Receiver over it, and when 
you exhauft the Receiver, the Air in the Beer will expand it felf, and 
eaufe the Beer to rife up in a Froth, fo as to come. quite over the Gla: 
Then let in the Air and tafte the Beer, and you will find it quite dead, 
N.B. Jf, inflead of a Tumbler or common Drinking-Gilafs, your Beer be 
put in a tall cylindrick Far about 20 Inches high, @ curious Obfervation 
may be made, which 1s this : After having pump'd out moft of the Beer 
from the Receiver, you will obferve Bubbles of Air to rife. from the Bot- 
tom of the Beer, and come up to the Top, increafing their Diameters ag 
they rife, but without joining with. other Bubbles.in the way, You may 
abjerve feveral of them to be very finall in Diameter at their Jirft Ap- 
pearance; and when being got to the Top of the Beer they..are freed from 
the Preffure of a. Pillar of Liquor about 20 Inches high, they appear to be 
ancreas a at leaf Lo times in Diameter. This fhews bow much the Air 
ws rarefied in that Receiver, viz. at leaf 1000 times; becaufe as Spheres 
are. to. one another as the Cubes of their Diameters, it is plain that all 
Juch Bubbles ave expanded or rarefied 1000 times. 

15. Taxes a finall Jar or Cup, and fill it with luke-warm Water, and 
fet it-on the Pump with a Receiver over it, and when you exhanit the 
Receiver, the Air in theWater will expand it felf, and raife large Bubbles; 
fo that the Water whiclr was luke-warm will feem to boil, and. diffu 
its Heat, fo. as to warm the Receiver all over ; then let in the Air, and it 
will immediately ceafe. to bubble. 

16. Taxe a Piece of Cork, and fix to it a Piece of Lead, fo as to 
poife the Cork, that it will but juft fink in Water; then take a Gla® Jar 
full of Water, and put, in the Cork and Lead, which fet on the Pump 
with a Receiver over it, and when you begin to exhauft, the Air in the 
Pores of the Cork will expand it felf fo as to {well the: Cork, which there- 
fore. becoming lighter than an equal Bulk of Water, will rife up to the 
Surface; then let in the Air, and the Cork will fink to the Bottom again, 
Plate 25. Fig. to. ri ‘ 

17. Taxe.boil’d Water, and after having drawn as much Air out of 
it, as can be done by the Pump, put a Piece of raw Fleth into the Water, 

"iene 
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and you will find that upon pumping out of the Air, that Air that was Led. XI. 
contain’d in the Flefh will extricate iifelf in time, bubbling up through “WSs 
the Water. 
N.B. Lhereis Air in Blood'and all animal Fluids. 


ExpERIMENTS fo fhew the Preffure of the Air. 

18. TAxe ‘a Glafs open at both Ends, of about two Inches Diameter, 
and of what Height you pleafe, fet it on the Pump, then lay on your 
Hand {0 as to cover the Glafs, and begin to exhauft, and you will feel 
the Preffure of the Air; for the Air being taken ‘from! under your Hand 
out of the Glafs, the external Air will prefs your Hand to the’ Glas, fo 
that you can fearcely move-it; upon‘ letting in the Air, it will'bé lodfen’d 
again. bs ; | | Lyét 

N.B. The Spring of the Air in your Flefh 1s alfo fhewir by this Experi 
ment, the Fiefh of the Infide of your ILand [welling downward within the 
exbaufted Glafs. | hs sD 
“r9.!'Taxr a Glafs which is open at both Ends, then take a Bladder, 
and wet it well, {tretch it over the largeft End of the Glafs; which muft 
be at leaft four Inches wide, then tie it, and let it dry on, and when it 
is dry, fet it on the Air-Pump, with the Bladder uppermoft; then ex- 
hauft the Glafs, and the external Air will break the Bladder with a large 
Report. Plate 25: Fig. 11. 7 pl sk ; 
_ 20. Take a Piece of common Window-Glafs, and lay it upon the 
‘Mouth ofa Receiver, or Brafs Ferril, and fet it ‘on the Air-Pump; ex- 
hauft the Receiver; or Brafs Ferril, and the external Air will break the 
Glafs all to pieces, in the fame manner as the Bladder in the other Ex- 
periment. ; . 
a1. Taxe-a f{quare Bottle, and. cement’ on a Cap of Brafs, with a 
‘Place fora Valve, then tic a {mall Piece of wet Bladder over the Hole, 
fo that the Air can‘come: out, but cannot ‘return the fame way ; then 
put it in the Cageof Wire, and fet it on the Aw-Pump with a Receiver 
over it, and when you exhauft the Receiver,‘ the Air in the Bottle will 
come out thro’ the Valve : When you have quite exhaufted the Receiver, 
then let in the Air-on the fadden,. which not being-able to get into the 
Bottle, becaute of the Valve, it will break the-Bottle all to pieces. Plate 
Bes ry, ¥2: ; 

22. Take a couple of Brafs Hemifpheres, and fet them upon one an- 
other, with a wet Leather, (which has a Hole in the Middle) in order to 
make then tight, and having fcrew’d a Cock into one of them, fix them 
to the Pump by means of a double Male Screw, always obferving to 
‘have oil’d Leather between the-Screws ;. when you have exhaufted the 
Hemifpheres, 
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Le&t. XI. Hemifpheres, turn the Cock to fhut their-Communication: with the 
y= Pump: Take off the Hemifpheres, and they will ftick fo faft as to re- 
quire a Force to pull them afunder, about 140 Pound ; if their Diameter 
be equal to. 3 £ Inches, and. proportionably, more or lefs, according to 
their Diameters, the Weight requir’d to draw them afunder being greater 
or lefS, juft.as*the Square of the Diameters: of the Hemifpheres is greater 
orlefs than the Square of three Inches.and a half, in which cafe’ the 
Weight is140 Pound, _ 4 i 
N.B. You muft ferew two Rings to the exhaufted Hemifpheres, and 
draw them afunder with a firong Steelyard. See Fig. 28. Pidielies 
-) 'Fuyeyexhaufted, Hemifpheres will fall afunder of themfelves. cz vacuo, 
if you,fix the uppermoft to the Hook of the flip. Wire before you ex- 
hauft. Inthe 13 Fig. of Plate 25. you fee the Hemifpheres exhaufted — 
in vacuo, the wooden Dith made ufe of for the Bladder, in the 7th) Ex- 
periment, being fet under to receive the falling Hemifphere, left it fhould 
damage the Glats. nya 
. 23.;T axe. the Plate of your Transferrer, (which is a fix-Inch Plate) 
and having by means of its Cock fix’d it to. the Pump, {crew .a {pouting 
‘Tube to the upper Part of it, at the End.of the Cock’s Screw, which 
comes thro’ the Plate... Put a wet Leather upon the Plate, and. then’ fet 
upon it the talleft Receiver you have, Exhauft it, and having turn’d 
the Cock, takeit offof the Pump. Hold this exhaufted Machine over 
aBafon of Water,, and having put the Mouth of the Cock under Water, 
open the Cock, and the Atmofphere will, by its,Preffure, : force the Wa+ 
ter up into the evacuated Receiver, making a pleafant. Fountain... Plate 
2Go em, Le, . tale 
24. Havine exhautted the tall Receiver above-mention’d, and taken 
it from the Pump, take a pretty large Glafs Fountain, or Brafs one, with 
its Force-Pipe {crew’d into it, but without its. d4jutage,| (or Spouting- 
Pipe). let this Fountain be half full of Water, (no,Air. being condens’d 
over the Water) and haying fcrew’d the Cock of the Plate'to.it, turn 
the Cock, and the Air in the Fountain will by its Spring prefs fo hard 
upon the Water under it, as to caufe it to rife through the Force-Pipe 
quite into the exhaufted Receiver, {pouting up ina pleafant manner.as 
before. ... Plate .2:5. Pigs kg. - ‘diac 
25. TAKE a pretty tail open Receiver, and having fet.a Gally-pot 
half full of Mercury upon the Plate of the Pump, take the four, Inch 
Plate, and fcrew it to the Glafs Tube that has a double Male Screw 
faften’d to the End of it, fo that when the Plate (with a wet Leather 
under it) is fet upon the Receiver, the End of the Glafs Tube may dip 
unto the Mercury in the Gally-pot.. Then {crew the little Syringe upon 
. | the. 
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the upper Screw of the faid Tube, above the Plate and Receiver. Gently Le&. XI. 
lift up the Pifton of the Syringe, and you will fee the Mercury rife out of —~—™ 
the Gally-pot into the Glafs Tube ; afterwards exhauft the Receiver as 
much as you can, and when no Air is left in it, you may then pull the 
Pifton of the Syringe quite up, without fucking any Mercury up the 
Glafs Tube. _ This fhews that all the Phenomena of Suétion and Pumps, 
are not owing to. an Abhorrence of a Vacuum in Nature; but to the 
Preflure of Air, Plate 2s. Fig. 16. 
_ 26. TAKE a Lamp Cupping-glafs, and fet it on the Pump, with a 
Receiver (that hath a {mall Hole in the Top) over it, then exhauft the 
Receiver, and the Air in the Cupping-glaf will expand itfelf, and: come 
out. ‘Then let.in the Air on the fudden by taking off your Finger, which 
was held at the top. Hole of the Receiver, and the Cupping-glafs will be 
faft, and the Receiver become loofen’d. Put on the Receiver, and ex- 
hauft again, and the Cupping-glafs will be loofe, and the Receiver faft, as 
at firft; but you muft' not fet the Cupping-glafs over the Hole in the 
Plate, becaufe then you would exhauft that, and not the Receiver. 
This Experiment fhews, that what is commonly call’d Suction, is only 
_the Preffure of Air, which faftens the Cupping-elafs by ftriking againit 
the Outfide of it, before it can get under it.° Plate 25. Fig. 17. 
~ 27. TAKE two Glafs-bubble Fountains, (that is, Glafs-bubbles of 
about two Inches Diameter, with a Tube {fo cemented in the Neck of 
each of them, that-one End almoft touches the Bubble on the Infide, 
and the other End, without the Bubble, is almoft all fhut up but a {mall 
Pin-hole) and invert the one into a little Jar of Water, and the other into 
a Jar of Mercury; then fetting all’ under a Receiver, upon exhaufting it, 
the Air will by its Expanfion come out of the Fountains, through the 
Water and Mercury. As you let inthe Ait again, it will force up thofe 
Fluids into their refpeétive Fountains; which being afterwards fet with 
the right End upwards in a tall Receiver, will, upon exhaufting it, 
make Jets of Water and of Mercury, by the Spring of the Air above the 
Mercury or Water, in the Bubbles. N.B. You muf? not quite exhauft 
the firft Receiver, left too much Mercury or Water fhould\be fore’d into 
the Fountain. Plate2s. Fig, 18, 19. 

28. Take a common Barometer Tube, and fill it with Mercury, 
and invert it in a little Mercury in a Cup or Jar; then fet it on the Air- 
Pump, and fet a Receiver over it, open at the Top; then lay a wet Lea- 
ther on the Top of the GlafS, and take the large Tube, mention’d in 
the fourth Experiment, with a Cap and a Plate cemented on at the one 
End, hermetically feal’d at the other, and put it over the other Tube 
with the Mercury, fo as to be tight with the Receiver ; then ‘begin to 

Vout, II. Ddd . exhauft, 
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Le@: XI. -exhauft, and the Mercury in the inner Tube will. come down.in the fame 
=— Proportion as that in the Gage rifes. If your Pump be tight, you may, 

bring it quitedown, fo as to be even with the Surface of the other Mer- 
cury... Then let in the Air very gently, for if you let it in too faft, you 
will endanger breaking the Tube, and fpoil the Experiment. or pe gaery 
_ 29. Taxe two Pieces of Marble;, Planes of Glafs, or Plates of Brafs 
well polifh’d, then put a little Oil between them, to keep, them from 
admitting the Air between them, and the loweft. Marble will ftick fo faft 
to the uppermoft, as to hold a confiderable Weight; then take a Re- 
ceiver, open at both Ends, and. fet it on the Air-Pump, lay a wet Lea- 
ther on the Top thereof, and take the Brafs Plate, with the Collar, of 
Leathers and Slip Wire, and {crew on a Hook, put the Plate upon the 
Top, of the.Glafs, and hang on, the Marbles. or Plates on, the Hook 


within the Glafs, then exhauft the Receiver, and they will drop afunder ; 
then let down the upper, Piece juft upon the under, and let in the Air on 
the fadden, and then the Marbles when taken out of the Glafs, will bear 
more Weight than before, when you had. put them together with your 
Hands. .'The fame Receiver, Plate, and Wire will ferve, as ufed in the 
22d Experiment. Plate 25. Fig. 13. er a 

30. Take a fmall Syringe, with a Lead Weight at, the. Bottom, 
then. take a tall Gla, and fet it on the Air-Pump, and lay a wet Lea- 
ther on the Mouth. thereof, then, take the three Inch Plate with the 
Collar of Leathers, and, Wire, and fcrew the End of the Wire into the 
Top of the Syringe, which put within the Glafs, with the Lead Weight 
at the Bottom ;. then exhauft,the Glafs, and the Weight will come down 
with. the Barrel.of the; Syringe, , becaufe. the. Air being taken out of the 
Regeiver, which prefs’d-upon the Pifton of the Syringe, the, Weight be- 
comes too heavy forthe Frition of the Pifton’s Leather againft the Sides. 
of the, Syringe,..and not being, refifted by the Air, it muft by confes 
quence come down,; let inthe Air, and the Weight rifing again will re- 
turn to itsformer State. Plate25. Fig. 20. 


MisceLLANeous EXPERIMENTS. aati: 

o3%) Taxe,a middle-fiz'd Glafs, wipe. it well, and fet it on the Plate ; 
then begin. to exhauftja little, and hold a,Candle on_the other Side, and: 
you will fee.a Halo about .the, Candle, or feveral, Colours -in the Glafss. 
which will-be feen only when,the Glafs is firft,exhautting, for when. the 
Glafs.is quite exhaufted, the Colours are all loft. But if you let. in the: 
Air,’ and. begin to,.exhauft, you will fee the. Colours. as ari which. 

may be'repeated.as.often.as you pleafe.. ,Plate2s, Fig.2% 
32. Take a tall Glafs, fet it on the Air-Pump, and. lay a, wet 
‘Leather 
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Leather on the Mouth thereof; then take the three Inch Plate, with Lé&, XI. 

the Collar of Leathers and Wite, and {crew on the Brafs Springs with the bene Sitio 

Flap at Bottom; anda Slip-Plate to open the Spring when 7”. vacuo: 

Screw the Slip-Plate to the Wire, then put a piece of Gold, or what 
Metal you pleafe, with a Feather or a bit of Paper, upon the Flap.of 

the Springs under the Slip-Plate; and exhauft the Receiver quite, © Then 

looking into the Receiver at bottom, pull the Wire to open the Springs, 

and let fall the Gold and: Feather, which will come, juft at the fame 

time to the Bottom, becaufe the Air being taken ‘away, which made 

the Refiftance, all Bodies fall equally faft!. Plate 25. Fig. 22.. 

Mr: Yohu van Mufchenbrock, Brother to the; Profefior at Leyden, 
contriv’d a Method whereby five or fix’ Pieces! of Gold, and as ‘many 
Feathers with them, might be let fall oné after another, without’ mak- 
ing a new Exhauftion, which is very convenient when a very tall Re- 

‘ceiver, fimple or compound, (that is, made up of feveral Glaffes fet upon 
‘one another) is made ufe of, becaufe ‘it’ is'a long-‘while in exhaufting. 
The Draught and Defcription of it's to'be found ‘at the End of the fecond 
Volume of the Profeflor’s Effays dé Phyjique, printed at Leyden, 1739. 

33. Set your Bell upon the Plate of the Pump, and cover it with a 
middlecfiz’'d Receiver, then’ fhake -the Pump, and take notice of the 
Sound of the Bell. Exhauft the Air, and you will not hear the Sound 
in vacuo, though the Clapper is‘ made to ftrike the ‘Side of the Bell. 

N. B. The Bell muft be fet ona little Cotton Pillow, or fome foft Body, 

otherwife you will ftill hear a little: Sound. am * 

34. SeT alighted Candle in your talleft Receiver, and a few Ex- 
factions will caufé the Candle to go-out.’ The Smoak of the Candle 
will then lie at the Top of the Receiver, but when you have pump’d out 
all the Air it will fall down. © This thews that: the Smoak does not. rife, 
becaufe it is pofitively light ; but only becaufe it was {pecifically lighter 
‘(or lefs heavy) than Air. leo Ue ree WT a‘ee Pa, 

38. A’Piece of lighted Charcoal, fix’d by a Wire to the Brafs. Hook 
belonging to the Collar of Leathers, fo as'to fufpend it in a: Receiver, 
will go out iz vacuo. ; ioiod f bileh, zo " 

- 36. WueEw you would fire Gunpowder im vacuo, take a Gally-pot, 
and inverting it, fet the Gunpowder Iron (that you have with the Pump) 
upon the Pot, having firft made it redshot; ; Covér it with»your -Gun- 
powder ‘Receiver; (which ‘muft be. firft warm’d by” Degrees, left the 
-- Heat of the Iron fhould crack it) ‘and’ having exhauftedit, by moving the 
Slip of Wire up and down, you will let falka {mall Quantity of Gunpowder 
upon the hot Iron, whereit will fire, Corn by Corn. When you let in the 
Air again, let it be by little-and little, left you crack the Receiver. 

| Ddd-2-' | N,B 
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eo generates Air, and might at laft burft the Receiver. Plate ani Fig. 2%. 
7. Ir you would preferve Fruit, Flowers, or any thing elfe 72 va- 
cuo, fix the Plate of your Transferrer by its Hook to the Pump Plate, 
on which you may lay your Fruit in a Jar: Cover the whole with a Re- 
ceiver, that ftands on the Transferrer with a wet Leather under it.. 
After Exhauftion take off the Receiver, as is mention’d in the 24th Expe- 
riment, and keep it as long as you will, having fcrew’d the Cock to’ its: 
wooden Foot. If you would prevent the leaft Air from coming in, put 
the whole Machine under Water, and keep it fo. Plate 25.: Fig..24. 

38. Taxe the Steel Plate bb, Plate 25. Fig. 2s. which is fix’d: on. 
the Spindle gp, with the Nuts belonging to the Machine for the At- 
trition of Bodies in vacuo, (which is reprefented in Plate 24.) and having. 
{crew’d the Brafs Springs with the Flints tied to them at H H, fo as to: 
prefs the Edge of them againft the Steel, let the Spindle below the Pulley 
m pafs through the Collar of Leathers of the Plate, which covers’ the: 
large Receiver, that is fet over the Flint and Steel: Put the Pulley and 
String upon the Spindle, and ferew down the Board: with the. Center 
Hole crofs the Pillars ; then turn the great Wheel. to. give a Motion to the 
Steel Plate againft the Flint, which will produce many Sparks; but as: 
you exhauft the Receiver, the Sparks will diminifh, and quite. vanifh: 
when all the Air is drawn. out, though the fame violent Motion isconti- 
nued, Plate 25. Fig. 31. reprefents the Brafs Springs with the Flint. 
fix’d to them, and the Hole to ferew in the Center Plate for the Spindle: 
to turn upon. ‘The fame Figure alfo reprefents the Spindle and. Pulley, 
with the Steel Plate and Nuts in the Middle. N.B. The Hole of the: 
Bras Springs ferews on the Piece that receives the End of the Axis P,. — 
or the Plate of the Air-Pump. i 

39. Soap’p Water will rife into large Bubbles iz vacuo, upon which: 
you will fee feveral Colours fucceed éach other ; and the Skin ‘of. Water;. 
when extremely thin, will be black, 

40. Wiru a Piece of folid Phofphorus write upon a Paper, and lay— 
ing it upon the Plate of the Pump with another Paper under, (left you 
wet the firft Paper) draw out the Air, and the Phofphorus will: brighten: 
by degrees, and at laft throw up a lucid Cloud to the Top of the Re- 
ceiver, _N.B. The Room muft be dark for Juch kind of Experiments... 

41. IF you wet the Paper by Patches on which you have drawn Lines: 
with Phofphorus, inftead of a Cloud, it will give Flathes in vacuo. 

42. Take the Receiver ufed for the Guinea and Feather Experiment,, 
and to the Brafs Plate, ufed to cover it, {crew a large Cupping-glafs with 

~ Tube cemented to its Neck, with a fine Hole in it, (fo asto make a 


Funnel} 
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Funnel) and having ftopt the Hole of the Neck of the faid Cupping- Lect. XI. 
‘glafs with a wooden Plug, fill it with Mercury. Under the Receiver —w™— 
‘have another tall one of an arch’d Figure without a Knob at top, as in 
Plate 25. Fig.25. Then having drawn out the Air from both Glaffes, 
take out the wooden Plug, and the Weight of the external Air will force 
the Mercury in a Shower upon the inward Glafs, fo as to produce a great 
Light. ina dark Room, if the: Mercury be fine, and the Weather very 
‘dry, otherwife the Experiment will not fucceed. | 
' 43. Havine cemented an open Tube, ending in a Point, to-a 
Brafs Stop-Cock, put it through the Brafs Plate that covers an open Re- 
“ceiver, fo that the Tube thall reach down half an Inch below the Sur- 
“face of about a Pound or two of Mercury in a Glafs Jar under the Re- 
ceiver. Shut the Cock, then exhauft the Receiver, and then opening | 
the Cock the Air will rufh in, through the Mercury, fo as to throw it 
“in little Balls all over the Glafs, and produce a fiery Shower, vifible in a. 
dark Room if the Weather be dry. Plate 25. Fig. 26. — | 
~ 44. Havine exhaufted a Receiver, let in the Air again at top, 
through an Iron Tube, (or Brafg Tube, whofe End is {créew’d to an Iron 
one) fo that it may paf$ through the Flame of Charcoal,’ before it goes. 
into the Receiver; and when the Receiver is full of that Air, lift up the 
‘ Cover of the Receiver, and letting’ down an Animal into the Glafs, you: 
_ will find that this infected Air will kill him immediately. . If the End’of- 
the Tube be thraft into the Hole of a folid Piece of red-hot Brafs; which: 
is not perforated quite through, the Air which muft come. into the 
Tube, will in its way carry along with it the Effuvia of the Brafs, which. 
will poifon the Air, but not fo muchas before, an Animal being longer: 
a dying in this than in the laft Medium. If a Candle be let.down into 
the Receiver, when fild with this Air, it will go out, but purge the 
Air as faras it goes ; for you may let it down’the fecond time lower than 
the firft, and fo'on, till the whole Air be purify’d. N.B. Air burn’d 
in going through red-hot Iron or Copper, isnot pernicious to a very tender 
Bird, or any. Animal, that it bas beentry’d upon. See Plate2s. Fig. 27: 
45. To an equal (but fmall) Quantity of Oil of Vitriol, Oil of 
Tartar per Deliquium, and Oil of Cloves, put two or three {mall Pieces. 
of Phofphorus, and-this Mixture will take Fire in the open Air, but the 
Addition of a little common Water will put it out. ‘This Preparation 
will not only fhine, but boil up into.a Flame, in the exhaufted Re-. 
ceiver, 
46, Ir you would weigh any Quantity of Air, take a pretty large 
- Copper or Glafs Ball, fuch as Fountains (by Compreffion of Air upon. 
Water) are made of, and. having, by means of a Cock fix’d it to the 
I. Female 
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Female-Screw.in the Plate of your Air-Pump, exhauft it ; fhut the Cock, 
and having taken off this exhaufted Ball, hang it at one End of the Beam 


_of a Pair of Scales ;. countenpoile,it at the other End ; then let in the Air 


into the Ball, by opening the Cock, and the. Ball will preponderate : So 


- much: Weight being requir’d.to.seftore, the, HEquilibrium, as, anfwers to 
the Weight of the, Air containd in the Ball above-mention’d. Ibis was 


Lig. NP: 3 


done in the firft, Leéiure of Hydroftaticks, fee Plate 8. Fig.10. - | 
47. To the flip Wire of the Collar of Leathers, at the Top of.a Re- 


ceiver, fixia Piece of Cork, -with feveral {mall Tubes going through it, and. 


having feta Jar. with -colour’d. Water in. it, under the Receiver, pump 
‘out the Air ; then by. pufhing down the flip. Wire, plunge the Ends of 
the fmall ‘Tubes into the colour’d Water, and it will rife as high in, thofe 
“Tubes,as it does. in. open.Air. - N..B. This was.done in the fpirft Lecture 
»of Vol.-1. | the 


48. Taxe,a Veflel of. Brafs, like a Funnel, or truncated Cone, : open 
at both Ends, made fo'that the Hole at, one End is not above 1.4 Inch 
Diameter, and the other End. almoft four Inches, Set ‘this truncated 


Gone upon the Receiver with the {mall Hole upwards, and having laid.a | 
- Piece of flat Window Glafs upon it, exhauft the Air, dnd. the Glafs will 
not break :. Let inthe Air again, and laying the fame Piece of Glafs upon 
the larger Orifice of the Brafs. Vefiel, as foon;as you have drawn out the, Air, 
-it will -break ; which. fhews,the Preflure of the Air is proportionable. to 


the Surface’ on which it preffes. . The Brafs truncated Cone is {hewn by 


» Figs 29.° Blaies25. 


49. Fries will not die, but be unable to fly.zz vacuo. | 
50. TAKE a Piece of Wood. with a little Hollow in it, like a_round 


Trencher, and. weigh it; then having laid fome Mercury in the faid 


Hollow, cover it;with a Receiver ; and when you, have drawn. out, .and 


again let,in the Air, you: will find the. Wood much heavier, than it was, 
- the Air having prefs’d a great-deal/of the, Mercury into the Pores of. the 
“Wood. »- Plate 25..Hig..30. : 


Of the ARTIFICIAL; CONDENSATION of Air. 
Ww have fhewn that Air may be rarefied and condens’d naturally and | 
artificially; and have:given Inftances of its Rarefaction by Art in 50 Ex- 


“periments: now we will thew fome Experiments, of its -Condenfation, by 


Art, and obferve the Phanomena arifing from thence. 


One of the chief Inftruments for condenfing Air is a Syringe, fuch as 


js reprefented by the vith Figure of Plate 21. There, indeed it is made 


ufe of for the Rarefaction of Air; but as only inverting its Pifton makes 
it fit for Condenfation, we muft here give a Defcription of the Pifton, as 
it 


front D. & g?. 
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it is when applied. to either of thofe Ufes. The 5th Figure of Plate 24, Lett. XI. 
ABCD reprefents a little Cylinder of Brafs about 2 of an Inch thick, ——v—~ 
and of a Diameter juft to move up and down in the Syringe without fig, ce 
{topping any where, but fo clofe as not to admit a thin Paper between, 

It has a Screw at top and bottom of the fame Bigne(s, and of the fame 
Thread, but with this Difference, v7z. that at the End C there'is a thin 
Piece of Bladder tied on, which makesa Valve fo fix’d, as to fuffer alk 

the Air coming in the Direction D C to’pafs by, but ftop all that com+ 

ing from C endeavours to go to D: The Rod of the Syringe, whofe 

End is reptefénted at R, 2vg. 6. has a Piece liké a Bell PP? with 
{mall Holes coming thro’ its upper Part, and a female Screw at bottom, 

to receive the End D of the Screw of Fig. 5. That Piece being ferew’d: 

in, as mark’d with the {mall Lettersja bc d, there muft be another cy= 
lindrick Piece ¢ ¢, whofe Diameter is about ~ ofan Inch {maller than 

the other ferew’d on to C, orc; ferving for two Ufes, the one to pte- 
ferve the Valve at C from being damag’d againft the Bottom of the Sy= 
ringe by its Thicknefs; and the other, (which is its principal Ufe) to. 
preis a {oft oil’d Leather f fagainit a4. ‘This Leather will never fold 
upwards for want of room between A Band the Sides of the Syringe, but: 

will {pread_againft them and A B, fo as to drive all the Air before’ it 
(which Air is alfo ftopp’d By the Valve at C) forward thro’ the Nofe of 

the Syringe into any Place where it is intended to be driven. But when 

the Rod is drawn up, as the Leather f/f folds ‘eafily about the fmaller 
cylindrick Plate ¢ ¢, the “Air will eafily pafs by to fill the Syringe that. 
Way, as well as thro’ the Valve in the Direction dc. N.B. When the 
Syringe ay of for fucking, you muft only invert the Piece ABCD, 
Jo asto ferew the End C with its Valve into the Ball P P with the foft 
ail’'d Leather \\ between, and then 'the reverfe will happen of what we 
jut mention’d; for then ‘in driving down 'the Pifton the Air from any 
Velfel coming into the Syringe, will flip in the Direction a\, b 1, be- 
tween the Bell and Sides’ of the Syringe, (the Leather f £ not being on 
now) and alfo thro’ the Valve-Piéce, andthe Holes near PP: but in 
drawing up the Valse will flout, and the. Leather \\-will apply clofé to 

ab, /o as‘to admit of no external Air to go back into the Syringe. 

_ Iw both Cafes, ‘whether of injecting, or exhaufting Air, fuch a double 
Sctéw as -A BC D, Fig.5. with ‘its Valve, ‘is to be made ufe of; but 
With the Valve towards the Rod ‘in fucking; and the other way in 
forcing, that “no Air ‘injected into “any ‘thing fhould return into the. 


eek S ot 


Syringe. 
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Le&t. XI. 0: 
erent Ex PERIMENTS of Condenfation of Air. 


EXPERIMENT I. 
Plate 24. From the Pin 7 hangs a Chain of Bladders a, 4, .c, communicating 
AB. 7s with each other with an Hook at bottom holding a Weight, as P, upon 
a Table. To this Chain of Bladders communicates another large Bladder 
A, holding by an Hook.at bottom a Weight W, equal to P upon the 
fame Table. D and E are the two Ends of a Pipe to apply the Mouth or 
‘Syringe to, in order to raife the Weights W, P, by driving in Air; andC 
is a Cock to admit of, .or cutoff the Communication between the fingle 
large Bladder, and the Chain of Bladders upon occafion, Keeping the. 
Cock fhut, blow in at D,; and the Weight W will rife; but that. will. 
be flowly, becaufe the Bladder, by whofe fwelling it rifes, will be long a; 
filling. ‘Then blowing in at E the Weight. P will rife, but very foon,. 
becaufe it takes up. but a little Breath to fll the Chain a, 4, c.. Then if 
the Cock be open’d, and either the End D or E be fhut, if you blow at 
the other End, the Weights W P will rife both flowly, but to the fame 
Heights. This: Experiment. is made ufe of in order to explain, or rather 
illuftrate. mufcular Motion ; for all that has been faid upon it, .tho’ fe- 
veral have wrote upon the Subject, does not yet amount to a Demontftra- 
tion. ‘Thofe that would explain mufcular Motion by a Chain of Blad- 
ders reafon thus——It is well known that the Mufcles having their Origin 
in one Part, and their Infertion in fome Limb,or Bone, bring that Limb 
towards the Origin, when the Belly of the Mufcle fwelling, the Mufcle . 
is fhorten’d by its Contraction :, and as this is done by the Power. of the 
Will,, (and as it were inftantaneoufly) there, muft be. fome fine, but 
powerful Fluid at our command, which they call zimal Spirits, fap- 
pos’d to be feparated from the Blood; (the Exiftence of .which they 
would confirm by the Confideration of the Steam of boiling Water work- 
ing. in the Engine. to. saife Water -by» Fire, where Water, a. Fluid of 
near the fame {pecifick Gravity as Blood, by an Heat not much greater, 
is rarefied. 14000) times, and acts with. a: prodigious~ Force, . tho’ aboye 
16 times lighter than Air :). this they fuppofe to be driven into the Cavities 
of the mufcular Fibres, which they fuppofe made up of Chains. of little 
Bladders, (by the Power of the Will) which muft contra& every Fibre, 
and confequently the whole Mutfcle, &c. — That by fuppofing the 
Bladders Chains, a {mall Quantity of the Fluid will a@ {peedily, and with 
the fame Force asa larger Quantity, according to the Experiment above- 
mention’d; and this without too much altering the Shape of the Limbs, 
&c.——That there are lateral Communications from one Fibre to another, 
without 
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without which, in cafe of Wounds, too ‘many fix’d Points would be loft, Lect. XI. 
€&c, but Anatomy not being my Butinefs at prefent, ] muft refer thofe “~V~ 
that like the Hypothefis of the Chain of Bladders to thofe who have de- 
fended it ; efpecially to a Differtation of the late learned Dr. Alexander 
Stuart, who has faid as much or more than any body upon that Hypo- 
thefis, and’ whofe Work was fo well thought of by the Gentlemen of the 
Academy of Bourdeaux, that they gave him the Prize for it in the Year 
1740. 
nae Doétor fhew’d a good deal of Learning, and beftow’d a great 
deal of pains in that Differtation ; but I think was wrong in denying Re- 
pulfion to bea Principle in Nature. He confiders it as an Effect flowing 
from Attraction ; but if he had read Sir J/zac Newton's.Opticks, and Dr, 

Hale’s Vegetable Staticks, with fufficient Attention; or confider’d feveral 
Phenomena, which entirely depend upon that Principle, he would not 
have fallen into that Miftake. ‘There is alfo an Experiment that does not 
feem to agree with the Chain of Bladders, which is this. A long Glafs 
Cylinder big enough to admit of a Man’s Arm from the Shoulder up- 
wards, but ending at top in a fmall Tube, has been clofely join’d to the 
Arm of a Man of ftrong Mufcles, with the {mall Tube coming beyond 
the Hand. This Glafs Machine being fill’d with Water, quite up into 
part of the {mall Tube, the Man clenching his Hand contracted his Muf= 
cles in the Water, which would have made the Bulk of his Arm greater, 
according to the Chain Hypothefis ; but inftead of the Water’s rifing, it 
rather funk: and without a vifible Swell of the whole Arm, I fear the 
Suppofition of the Chain of Bladders will gain little Ground. Of all the 
Accounts concerning mufcular Motion, I muft own what Dr. Browne 
Langrifh wrote upon-that Subject is moft fatisfactory to me. | 


_ ExpERIMENT 2. Plate 24. Fig.8. 

. EGB isa ftrong Glafs Receiver with a Brafs Hoop cemented on at 
its Bottom B, (whofe Opening there is big enough to let in the Brafs He~ 
mifpheres) and another cemented on at topatG. In a Frame of Wood, 
between two Pillars, (fuchas you fee in Fig. 12.) a Plate and wet Lea- 
ther being laid on the bottom Board, any Body to comprefs the Air upon, 
fuppofe here F a blown Bladder, is put into the Glafs, then a wet Lea- 
ther upon it; next the Brafs cylindrick Dith of fg. 10. with the Ring 
of Wood W R to put over the Collar H into the Dith, fo that’ being 
prominent above the Brafs, the crofs Piece of Wood ET’(Fig.12.) {crew’'d 
down by the Nuts of the Pillars, may prefs all tight together, without da- 
maging the Brafs Difh, which holds fome Water to keep the Leathers 
about H moift. Screw a Cock at H, and the End of the Syringe into 

Vou. iL . Eee that 
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Le&t. XI. that Cock, which being {hut after the pumping in is over, will retain the 
—nyomnnd condens’d Air. ? | | 


Plate 24. 
Fig. 8. 


EXPERIMENT 3. | 

Tue Bladder F in the Glafs G B being full blown, at every Injeétion- 
of Air from the Syringe, the Bladder appears contraéted, and fhews how 
much the Air is condens’d: fo that when the Bladder is half fubfided, 
the Denfity of the Air is doubled, or one Atmofphere is injected, (as is 
exprefs'd in Mr. Haukjbee’s Book of Phyfico-mechanical Experiments). 
and if the Cock be then fhut, and the Syringe taken off, the Bladder: 
will remain flaccid, till by opening the Cock to let out the injected Air, 
the Bladder will rife again to its firft Dimenfions. : 
_ Bur this not being an exact way to know how much Air has been: 
injected, there is a mercurial Gage O Eo cdD, contriv’d to know the 
exact Deniity of the Air in the Glafs at any time, and confequently its 
Quantity dependent upon it, This Gage is fhewn large in Figure g, and. 
its Defcription is as follows. | . 

Ddefc isa {mall Glafs Tube open at D, but hermetically feal’d at 
the End c, of about one Tenth of an Inch in Diameter, DE is = 
larger Tube hermetically feal’d at D, where a certain Quantity of Mer 
cury taking up about two or three Inches in length, receives and covers 
the open End of the fmaller Tube, for the Purpofe hereafter to be deferib’d, 
The other End C of the great Tube is cemented ftrongly into the Bra&. 
Elbow-Piece O E oat C, fo as not to be quite at right Angles with Ov,. 
but to incline a little downwards, that the Mercury at D may not tun 
towards C, and go into the condenfing Glafs. This Gage is {crew’d on 
to the Piece of the Brafs Dith of Fig. 10. or at 0, Fig. 8. and the in 
jecting Syringe at O, a Cock being interpos’d at O, or 0, or not ufed at 
all, according to the Nature of the Experiment to be made. 
» As the Air is injected into the condenfing Gla, and the great Tube 
of the Gage at the fame time, but not into the little Tube of the Ga $i 
it muft be rarer and weaker in that Tube; for which reafon that Air 
will recede and allow fome of the Mercury from D to go into the: faid 
Tube, and that in proportion as the Air is condens’d in GB, d,e, fiare 
three Rings of Springy Wire, to {hew by the advancing of the Mercury 
in the fmall Tube, that the Denfity of the Air is doubled, tripled, or 
quadrupled ; becaufe the Air which filled all the little Tube, now takes: 
up only the Space Cd, Ce, or Cf; fo that, in Mr. Hauk/bee's Style, 
one, two, or three Atmofpheres are forced in, 3 
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Taxes fuch a {quare Bottle as is reprefented at Fig. 8. Plate 25. Plate 24. 
feal’d up with common Air in it, and put it into the condenfing Glafs F's * 


inclos’d in its Cage; then having made the whole Machine tight, 
inje&t Air with the Syringe till you break the {quare Bottle ; and obferv- 
ing the Mercury in the Gage, you will, by the Place of the Mercury in 
the little Tube, know exactly the Denfity of the Air whofe Preflure broke 
the Bottle. 


EXPERIMENT 6. 

T Axe a thin round Bottle, of about the Size of the fquare Bottles 
that are broken upon the Air-Pump, and about the fame 'Thicknefs, and 
upon trial you will find that its Parts will fo fupport one another, that 
the external Air will not be able to break it, when you have drawn out 
all its internal Air by the Pamp: Now if you put this in the condenfing 
Glafs, you may perhaps break it by condenfing Air upon it ; but if it does 
not break when the Mercury is come up toc in the Gage (that is, when 
two Atmofpheres are injected) venture no farther, left you fhould break 
the condenfing Glafs. Then the Bottle fuftains 24 Pounds upon a round 
Inch ; whereas when the Air was exhaufted from it, the external Air 
th ii it only with the Preffure of 12 Pounds upon every round 
Inch. 

GENERALLY, One of thefe condenfing Glaffes will bear a triple Den- 
fity of Air, or two Atmofpheres to be injected, but the reafon why it is 
not fafe to venture farther is, becaufe the Preffure being made outwards, 
the Parts of the Glafs do not fupport one another like an Arch, which 
they do againft an external Preflure ; for what wou'd fuftain 10 Atmo- 
{pheres, preffing from without, would hardly refaft 3 or 4 of them acting 
from within, When a Glafs is very ftrong, there is a way to try how 
far it may be trufted, which is this: Take a Board of Oak about an 
Inch thick, and 18 Inches fquare; in which having cut a Paflage quite 
to the Middle to take in the lower Part of the Gage at 0, flip it on over 
the condenfing Glafs between o and C: then you may inject Air without 
fear, becaufe if the condenfing Glafs fhould break, the Board will fave 
-you from the Pieces that may fly about, whilft at the fame time you may 
‘view the Gage with fafety, to know how many Atmofpheres the Glafs 
will bear: and if the Glafs does not break, mark the Gage, that you may 
be fure not to let the Quickfilver in the Gage run beyond that Mark, or 

‘come quite to it in any: Experiment, which you would make with 
fafety. , | 
Hee 2 SOME- 
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SoMETIMEs there are Experiments to be made, in which the Gage 


~~ .OE oD wou’d be in the way; and then another Gage to be put within 


Plate 24. 
Fig. 116 


the Gla{s by the Interpofition of wet Leathers, Slip down thro’ the Hole H~ 


the condenfing Glafs, at its Bottom, muft be made ufe of. It is repre- 
fented in the rith Figure. It is a fhort Cylinder of Wood, like that of 
W R, Fig. 10. about an Inch thick, with an Hole thro’ its Middle be- 
tween a and 4, of about 14 Inch Diameter: the outward Diameter of 
the Cylinder muft be of about 4 Inches, or fuch that the Cylinder may. 
eafily ftand within the condenfing Glafs on the Plate, fupporting its Bot- 
tom at B. There is an Hole at A of about 3 of an Inch Diameter, and. 
3 of an Inch deep, to be fill’d with Mercury. acdé is a fmall Gla& 
Tube, open at a, but hermetically feal’d at 6, and bent to a right Angle 
at c, the Middle of the Diftance between aand 4, It is plain that if the 
open End a of this Tube be immerfed in Mercury, and then the Air on: 
the Surface of the Mercury be condens’d, the Air in the Tube will recede. 
towards the Elbow ¢, and the Mercury fhew how far it is condens’d by. 
following it. If the Mercury goes toc, then one additional Atmofphere. 
bears upon its Surface, and two Atmofpheres if it is come-to d; which, 
Places arc. mark’d by Rings of {pringing Brafs-Wire. At @ and 4, about 
an Inch of the Ends of the Tube are bent to a right Angle, that the End 
6 may go into the Wood, whilft the End a goes under the Surface of the 
Mercury, where it is held by a Cork to keep its Opening under the Sur- 
face of the Mercury, whilft Air is injecting into the condenfing Glafs, that, 
no fhake may difturb the Gage, which mutt be within the Glafs at bot=. 
tom, that you may by looking thro’ the Glafs fee how much Air you have 
injected ; as for Example, one Atmofphere if the Mercury is at the Elbow 
at c, and two Atmofpheres if it be come to d. N.B. This Tube which 
is in its Place at Ivg, 11. is reprefented feparately at A, and. mark’d with 
the fame.Letters as on the Wood, ; 


_ Experiment 6, Plate 24, Fig. 12. 

Upon the Brafs Plate ¢ of the Frame PP EF s defign’d'to hold the 
condenfing Glafs, put on firft a: wet Leather or two, then the Gage of 
Fig. 1.1. then {crew in the Plate thro’ the Hole. in the. Middle of the 


Gage Cylinder, one of the Brafs Hemifpheres ufed in the.22d Experiment 
-of the Air-Pump, by means of its fupporting Piece bc ; 


then having 
laid on a wet Leather over that Hemifphere 4, put on the other Hemi-. 


{phere a, and prefs it down clofe that. no Air may come in between the 
Hemifpheres.. Cover the whole with the condenfing Glafg P P, andferew 
down upon. it the Crofs-piece EF, which holds down the Brafs-Dith of 
Fig. 10. with the Prefling-piece W R of Fig. 10, and-keeps all tight to 


of 
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of the Collar of Leathers, a thick Iron Wire or Rod reaching down to Ject. Xi. 
the upper Hemifphere a, and {crewing into it. Then fcrew your Cock —“v—~™ 
and Syringe to the upper End of the Wire above mention’d, which is fo 
perforated, that the injected Air coming down thro’ it goes into the con- 

denfing Glafs without pafling into the Hemifpheres, which are. pre({s’d to- 

gether with common Air between them, Obferve by the Mercury of the. 

Gage at the Bottom within the condenfing Glafs, thro’ which you fee it, 

when you have doubled the Denfity of the Air, or injected one Atmo- 

{phere. Then you will find by the Steel-yard hanging at fome fix’d 

Point over the. condenfing Frame (which muft be fcrew’d faft to the 

Floor) that it requires about r4o Pounds to draw them afunder. . This. 
compar’d with the Experiment 22. on the Air-Pump, fhewn in Plate 25. 

Fig. 28. fhews that Air of double Denfity: is juft as much ftronger, by. 

its Preffure, than common Air, as common Air is than a Vacuum: and- 

this Preflure when the Barometer {tands at 30 Inches, is in round Num-. 

bers equal.to 12 Pounds upon a roundInch. N.B, 4s the Air.yaries 

in-its Preffure, the Weight requir’d to Jeparate the Hemifpberes inthis 
Experiment, or the 22d of the Air-Pump, 1s from 140 to.150 Pounds, .. 


EXPERIMENT 7. 
ExuaustT the Hemifpheres at the Air-Pump, before you put them : 
into the condenfing Glafs ; and having injected one Atmofphere, you will. 
find it require 280 /4, to. draw them afunder, 


EXPERIMENT 8. 

Upon the fame Hemifpheres exhaufted. before they are put into the: 
condenfing Glafs, inject two Atmofpheres, and it will require 420 Pounds 
to draw them afunder. N.B; The Collars of oil’d Leathers in the Brafs- - 
Difh at top of the condenfing Glafs, with the.Water in the Difh, hold: 
all fo tight, that no external Air is admitted in feparating. the Hemi- 
fpheres: and two or three little Collars of Lead are.on the flip Wire, left 
the rifing Hemifphere fhould break the Glafs by its great Jerk upon the - 
Separation. | 
EXPERIMENT 9. Plate.24. Fig. 13.. 

Ts 1s Machine, call’d the Brafs-Condenfer, confifts of two very {trong 
Brafs Cups, whofe Brims are prefs’d together with a wet Leather between ; 
and they are held by an Iron Crofs-bar kept dawn. with Iron Pillars and 
Screws, fo.as to fuftain an immenfe Force. Here the outfide Gage re- 
prefented at Fug. 8, and g.. is to be made ufe of: and either Air or Wa- 

_ ter may be injected. Bottles that con’d not be broken upon the Air-Pump, . 
by the Preffure of the external Air, nor, even by 2 or 3 Atmofpheres 
in 
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Plate 24. 
Fig. 13. 
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in the condenfing Glafs, (not even when exhaufted before) becaufe of their 
Roundnefs, will be broken foon: provided the Bore of your injecting 
Syringe is not too big ; for the lefs the Diameter of the forcing Pifton, the 
more the Force of Condenfation you can apply. / 

Tue Refiftance of the Pifton of the injecting Syringe arifes from this 
Confideration, _ Since a Column of common Air, whofe Bafe is a circular 
Inch, weighs about 12 Pounds; when the Denfity of the Air is double, 
the Refiftance againit the Pifton of an injecting Syringe, whofe Area is an 
Inch, muft be equal toa Weight of 12 Pounds: fo that you muft reckon 
12 Pounds for every Degree of Denfity of the refifting Air, and multiply 
it by the Area of the Pifton. For Example, if the Air is condens’d by a 
Syringe of an Inch Diameter, when it is condens’d Io times, the Hand 
pufhing the Pifton feels the Weight of 120 Pounds; ‘whereas if the 
Syringe had been but of half an Inch Diameter, he would have only felt 
a Refiftance of 30 Pounds; or not the Refiftance of 120, till the Air 
had beer condens’d 40 times. With a Syringe of a large Diameter, the 
Air will be injected fooner ; but more forcibly, by one of a fmaller Dia- 
meter: fo that if you want'a great deal of Air to be injected, begin 
with a large Syringe’ till the Refiftance is too great; then goon with a 
{mall one. 


EXPERIMENT 10. Fig. 13. 

Take the little Bell of the 33d Experiment of ‘the Air-Pump, and 
fhut it up in the Brafs Condenfer ; then you will hear it but at a {mall 
diftance. Inject one Atmofphere, and you will hear it as far again. In- 
ject two Atmofpheres, and you will hear at a diftance proportionably 
greater, and fo on. 

I'n Wind-Guns, where it is requir’d to have the Air ftrongly condens’d, 
Syringes of a {mall Bore are made ufe of, very little more than half an 
Inch in Diameter, and fix’d in the Stock of the Gun. I have taken a 
Draught and flight Explanation of one of thofe Machines from Mr, Pro- 
feflor Mu/chenbroek, in his Effays de Phyfique, Vol. Il. : 


Plate 24. Fig. 14. 

Turs Gun is made of Brafs, and has two Barrels. The infide Barrel 

K A of a fmall Bore, from which the Bullets are thot; and a lareer 
Barrel on the outfide of it ESCDR.° There is a Syringe SMNP 
fix’d behind the Barrels in the Stock of the Gun, whofe Rod M draws 
out to take in Air; then it is pufh’d in in the Direction MN, where the 
Pifton SN drives the Air before it thro’ the Valve E P in the Cavity be- 
tween the two Barrels, where it is retained between the faid Valves. The 
Ball 
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Ball K is put down into its Place, in’ the fmall Barrel with the Rammer, Lect, XT. 

as in another Gan, There is another Valve at SL, which being baerey tim 

open’d by the Trigger O permits the Air to come behind the Bulict, fo Fie dae 1% 

as to drive it out with great Force. If this Valve be open’d and fhut 16, Fe. 

fuddenly, one Charge of Air may make feveral Difcharges; becaufe 

only part of the injected Air will go out at a time, and a new Bullet 

may be putinto the Place K: or the whole Air may be difcharged at once, 

which will thoot more forcibly. This is done by means of the Lock of 

Fig. 15. when fix’d to the Gun in the Place ufual for other Guns. For 

the Trigger being pull’d, the Cock will go down and drive a Leaver that 

opens the Valve. ‘This is a Defeription of the old Wind-Gun ; but an in- 

genious Workman call’d LZ. Co/be, has very much improv’dit, by making: 

ita Magazine Wind-Gun ; {fo that 10 Bullets are fo. lode’d in a Cavity 

near the Place of Difcharge, that they may be drawn into the fhooting 

Barrel, and fucceffively thot fo faft as to be of the fame ufe as the fame 

Number of Guns ; the only Motion requir’d (when the Air has been in-- 

jected before-hand) being the fhutting and opening the Hammer, and 

cocking and pulling the Trigger. But the 16th Figure reprefents the 

prefent Form of Mr. Co/be’s Gun, with its Improvements, as big as every 

Part is in the Gun itfelf; fo much being fhewn here, as makes the Ex- 

cellency of the Magazine-Gun, as he calls it; the reft being like another 

Wind-Gun. Weare to fuppofe a vertical Section along the Axis of the 

Gun, and it will appear as follows. EE is part of the Stock. Gis 

the End of the inje@ting Syringe having a Valve,.and opening into the 

Cavity FF FF, which is the Space to contain the Air between the two 

Barrels). K K. is the fall or fhooting Barrel, which receives the Bullets. 

one at a time from the Magazine, being a ferpentine Cavity, wherein the 

Bullets 4,4, 5,6, &c. nine or ten, are lodged ; and from whence by one 

Motion of the Hammer (which we fhall defcribe) they are brought into» 

the Barrel to I, from whence they are thot out by the Opening of the 

Valve V, which lets in the Air ftom the Cavity FFF in the Channel 

VKI, and fo along KKK the inner Barrel, whence the Ballet is dit- 

charged. sIs7M& is the Key of a Cock, having an Hole thro’ it; 

which Hole in the prefent Situation makes part of the Barrel K K, being. 

jut of the fame Bore: fo that the Air which is let in at every Opening 

of the Valve V, comes behind this Cock, and taking the Ball out of it, car-. 

ries it forward, and fo out‘of' the Mouth of the Piece. To bring in an-- 

other Bullet to fucceed I (whichds done in an inftant) bring the cylin- 

drick Cavity of the Key of the Cock, which before made part of the 

Barrel K KK into the Situation 7 2, fo that the’ Part I may be at K, 

and ‘holding the Gun upon your Shoulder, with the Barrel uae | 
: an 
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and the Magazine upwards, one Bullet next to the Cock will fall into it 


“—1-—~ out of the Magazine, but go no farther into this cylindrick Cavity than 


Plate 24. 
Fig. 17; 18, 


the two little Pieces s,s, like Finger Ends, with tender Springs behind 
them will let it; by which means only one Bullet at a time will be 
taken in, and the Key with the Bullet being return’d to its former Place 
will bring the Bullet to I, to be difcharg’d at the next Opening of the 
Valve, leaving the reft of the Bullets in the Magazine. The two Circles 
2,2, 2, reprefent the Cock-Barrel wherein the Key above-mention’d turns 


about onan Axis not reprefented here, but vilible in Fig. 17... This Axis 


isa {quare Piece of Steel, on which comes the {qQuare Hole of the Hammer 
H ; by which (when it is brought down to fhut the Pan of the Gun) the 
cylindrick Cavity mention’d is brought to open to the Magazine, from 
which it receives a Ball at I, when the Magazine 44, &c. is held up- 
wards, Then opening the Hammer, as in F7g. 18. the Bullet is brought 
into its proper Place near the difcharging Valve, and the cylindrick Ca- 
vity of the Key of the Cock does again make part of the inward Barrel 
KKK. N.B. Fig. 17, and 18. are half as big as the Pieces which 
they reprefent. 

We come now to confider the Make of the Valve, and the Manner 
of opening it to difcharge the Gun. A Piece of Brafs whofe Bottom is a 
truncated Cone is made to fit the Hole LV, which that it may do the 
better, prepar’d Leather is tied round this Valve, whofe upper Part has a 
Shank paffing thro’, and made faft by a Nut to the End N of a very long 
Brafs Spring of about 18 Inches NN, whofe fixed Point or Center of 
Motion is between the two Barrels, or rather on the Outfide of the inner 
Barrel in a Strap under which its {mall End is fix’d, whiltt its great End 
prefling in the Direction V P keeps the Valve V fhut; and when the Valve 
has been open by pufhing up the Pin p P, brings it again to its. Place, 
where it holds it tight. Befides the F orce of this Spring, the injected Air 
contained in the Cavity F,F,F, between the two Bands preffes and keeps 
down the Valve with great Force. In order to raife the Valve upon oc= 
cafion (as when you would fhoot) there is a Brafs Pin P p about an Inch 
and an half in Length, and ;, of an Inch in Diameter, which puth’d up 
thro’ the Hole O.O, juft big enough to let the Pin move up and down 
without any fenfible Lofs of any of that condens’d Air that defcends into 
the {mall Barrel behind the Bullet, when the Valve has been lifted up by 
the Pufh of the Pin upwards, which is but inftantaneous, unlefs when 
the whole Air is difcharged at once to give the Bullet the greateft poffible 
Velocity. 

Tue Cock and Plate of the Lock being taken off, the principal Parts 
of the Lock for pufhing up the Pin pP to make a Difcharge come in - 

I . : ° 


view, 
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view, fuch as Q,R, T,S, W, &e. which we fhall defcribe one after Lect, XI. 

another. apnea 
Q isan horizontal Leaver moveable round a Center Pin 2, whofe Pig Ge 

upper Side at / is flat, for the End of the difcharging Pin Pp to reft upon; 

whilft its under Part is bearing upon the End m of the tumbling Leaver 

R, which pufhes it up together with the Pin at every Fall of the Cock. 

T is the Tumbler moveable by, and moving, the Cock, which, we 
fuppofe faften’d toit at T. This’ Tumbler is driven by the main Spring 
W W lifting it up at one End W, whilft its other End w pufhes down 
one End v of the tumbling Leaver R, whilft the other End m rifes, and 
in its Rife lifts up the firft horizontal Leaver with the Pin to open the 
Valve V and make a Shot, ; 

y x is the Seer, Detent or Trigger-Piece which is moveable round a Cen- 
ter Pin at m, and by its Point x bears againft the Half-cock Notch of the 
Tumbler at 5, and the Full-cock Notch at x; from whence it 1s occa- 
fionally unlocked by the End z of the Trigger Zz moveable about its 
Center Pin, &c. 

Upon the Pull of the Trigger, the End of the Seer or Trigger-piece 
loofed from its Notch goes under x, and gives the Spring W W full power 
to act upwards, and move the Tumbler in the Direction W T uv 32. 
The Tumbler by its End w defcribes the Arc uv 32 carrying along with it 
the End v of the tumbling Leaver R, whofe other End m defcribing the 
Arc ml/q, raifes the flat End / of the horizontal Leaver Q_up to 4, 
where lifting up the Pin P£, it opens the Valve V and difcharges the 
Gun, But this Situation of the Pin Pf, and Pofition of the Leaver Q 4 
is only inftantaneous ; becaufe the End w of the Tumbler parts with the 
End v of the tumbling Leaver at 3, going it felf to 2; whilft v goes to 1, 
and w coming from / lets the horizontal Leaver come back to its old Place 
vm, which it does by the Reaction ot the Spring m¢ and the condens’d 
Air in the Cavity FF F; and by that means only Part of the Air is let 
out at once; fo that 10 or 11 very effectual Shot may be made one after 
another, without new Injection of Air. 

Ir the End w of the Tumbler had gone no farther than 3 (which is 
fometimes done by flipping a little Piece of Steel under the Notch in the 
Middle of the Cock) it wou’d have kept down under it the End v of the 
tumbling Leaver, whofe other End remaining at /, would have kept the 
horizontal Leaver and the Pin upon it up, in fuch a manner that the 
Valve V would have continued open, and all the injected Air would have 
been difcharg’d at once. | | | 

THERE are Springs belonging to feveral Pieces of the Lock not exprefs’d 
here, which ferve to keep them in their Pofitions, or to reftore them to 

Vou. I. rik £ , ¢. them. 
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‘Le&. XI. them, when they have been ftruck out of them, 1, The Hammer 
“he oat, Spring which keeps the Hammer fhut, as at Fig. 17, or open as at Fig, 
: 18." 2dly, The Seer Spring to raife the Point of the Seer to’ its proper 
Notch in the Tumbler, as 5 or x. 3d/y, A Spring prefling up between m 
and 7 to keep the horizontal Leaver from falling out of its Place. 4zhbly, 
A Spring prefling upon the tumbling Leaver R (between R and m) tore- 
Plate 24, _{tore “it. tow its Place after it has been: ftruck down. The aft Spring, 
Fig. 16. “and which'is ‘drawn here and muft be'defcrib’d, is a'little Spring’ 72, 
‘fix’d to'the under fide of the tumbling’ Leaver R for the following Ue 
R is made of two Pteces; otherwife the End of the Tumbler z echien once 
below it, wou’d not come above it again; but the End w having a Tongue 
which. goes into a flit, moves round the Pin w, upwards fo as to give 
patfage fo the End of the Tumbler when it rifes from underneath ; but 
it mécts with a Stop at w 4, when v is going down, When v is pak d 
by, in going up, the little Spring above-mrention’d by its End ¢ preffes on 
the Heel of the little Piece v- to bring it down from wa into the firtt 
Situation wv, to receive the Preflure of the Tumbler. 

THE Magazine kb, db, , Oe. D, receives the Bullets at its Opening i. 
over which'a Plate X comes to fhut them in; and they are kept in readi- 
nefs to be brought into the fhooting Barrel by the Motion of the Hammer 
in the expeditious manner defcrib’d. 

Tus: is far preferable to any of the old Wind-Guns; becaufe tho’ 
fome of them will hold Air for feveral Difcharges, the Ballet muft be put 
down the Mouth of the Barrel every time, which cannot be done foon ; 
buat in Co/be’s Gun the Bullet is brought into the Barrel ina Moment. 
Tho’ the Pin' Pp with the Valve and long Spring N N is to be met with 
in fome of the old Guns, as well as the Tumbler and fome of the Leavers 
in the Lock, yet the Cock and the Magazine are entirely new, as alfo fe- 
veral Contrivances in the Lock; and the whole fo well executed as not to 
be eafily put out of order. For thefe Reafons it may be look’d upon as 
the beft Defence againft Highway-meén; “ot Robbers ‘that Travellers dre 
aware.of, becaufe when they have cauft’ to fatpect them, they may make 
five or fix Difcharges before a Thief can’conie ‘within Piftol-thot. 


AND now to make this Book, as well as the Firft Votirhe of my Courfe 
of Experimental Philofophy as compleat as Ican ; J will conchide with a 
Chapter or Lecture, thewing the Application of the Principles that we have 
explain’d, to the Utes of Life, in giving the Defcription of fuch Engines in 
prefent te as are the beft in their kind, with Obfervations upon then: 
But firft ive by way of Notes to this Licttuté fome mifcellaneous Obfer- 
vations upon Air, which conld not igs pee be digg in the Lectures ; 
‘and that withons: any Order, ~~ ANNO- 
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ANNOTATIONS upon the Eleventh Le@ture. 


HEN Sir I/aac Newton publith’d the fecond Edition of his Opticks; A nnotat. 
in the Year 1717, he added Queries to the 3d Book. Thofe, to- Tec. XI. 
gether with the reft of the Queries, contain an excellent Body of U——J 

Philofophy, and upon Examination appear to be true; tho’ our incompa- 

rable Philofopher’s Modefty made him propofe thofe things by way of 

Queries, which he had Obfervations enow to fatisfy himfelf were true ; he 

was unwilling to aflert any thing that he could not prove by Mathematical ’ 

Demonftrations or Experiments. This made a great many People confider 

what he fays in them merely as Conjectures ; and I know very few, befides 

the Reverend and Learned Dr. Stephen Hales and my felf, that look upon 

them as we do on the reft of his Works. . Ever fince that time I have made 

feveral Experiments, which have confirm’d my Belief of his Opinions, and 

Dr. Hales has made a great many more, which have clear’d up many of his 

Hints, and fhew’d that Sir J/zac had made no rafh Affertions. As it would 

be tedious to mention more Particulars, after I have faid fo much on the Con- 

tents and Operations. of the feveral Parts of our Atmofphere, I refer my 

Reader to the Doétor’s excellent Treatife of Vegecable Staticks ; of which’! 

have given my opinion in the Abftraé& I made of it in the Year 1727, printed 

in the Philofophical Tranfadtions, N° 398, 399 3 and his Treatife of Hemafticks 

publifh’d fince : Both Books are made into one by Monf. Du Buffon, who has 

tranflated them into French, in fuch a manner as to do no difcredit to the 

Author. ‘ apd 

I SHatt only mention here fome Things obferv’d by the Doétor, ‘and’a 
few things which I take to be natural Confequences of his and ‘my Expert- 
ments concerning Atr. pol Sg ge 4m 

Tat Air is fometimes in a fix’d, and fometimes in an elaftick State, (the 
laft being the only State in which Philofophers took it to be before Sir f/aac 
Newton) as well as how it may be chang’d from one of thofe States to the 
other, fometimes with great Eafe, and fometimes with great Difficulty, has 
been fhewn by Dr. Hales, by a vaft Number of curious Experiments. . 

Awimats and Plants are chiefly fupported and increas’d by’ Air in thefe 
two States; the folid Parts by fix’d, and the fluid Parts by Elaftick Air; for 
it enters the Pores of Plants and Animals in great plenty, where fome of it 
becoming fix’d, is as it were the Cement which joins the folid Parts together, 
whilft what remains elaftick keeps up the A@tivity of the Fluids. 

Tue elaftick Air which is contain’d in many Bodies, is kept in them by 
the Weight of the Atmofphere ; and may be got out by common boiling and 
the Air-Pump, in the manner a Ms have fhewn by many Ai Sas, 
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but the fix’d Air which is much the greater Quantity will not be got out but 
by.Diftillation, Fermentation, or Putrefaction. 

Ir fix’d Air did not come out of Bodies with difficulty, and fpend fome 
time in extricating it felf from the Subftances in which it is contain’d ; it 
would tear them to pieces, Trees wou’d be rent by the Change of Air from 
a fix’d into an elaftick State; and Animals would be burft to Atoms by the 
Explofion of the Air in their Food. Dr. Hales found 48 Atmofpheres in one 
Apple (that is, the Air condens’d 48 times ;) fo that its Preffure outwards was 
equal to 11776 tb. and that of a cubick Inch of Oak of 1986016. againft its 
fix Sides. So that if the Air was let loofe at once in thefe Subftances, they 


- would tear to pieces every thing about them with an Explofion far fuperior 
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to Gun-powder. ; 

YET in eating an Apple, if it ferments in a Man’s Stomach, and parts with all 
its Air, this is done by degrees, the Air has time to go out ;.and perhaps 
other Parts of the Food abforb Air as faft as the Apple generates it. WN. B, 
Dr. Hales has obferv’d that the Digeftion is beft perform’d when our Food 
(generally made up of Variety of Things) generates Air a little fafter than it 
is abforb’d, 

In the Year 1708, I went thro’ a Courfe of Experimental Philofophy with 
Dr. Fobn Keil, at Chrift-Church in Oxford, who, in his explaining to his Au- 
ditors the Ufe of the Lungs, faid there was Air in the Thorax on the out- 
fide cf the Lungs, which acted upon the Lungs in the manner that we have 
defcrib’d* , and gave me fatisfactory Reafons for believing it: tho’ fome Per- 
fons oppofed that Opinion, and gave Reafons to fhew that the Lungs might 
play without any fuch Air included in the Thorax. I was afterwards farther 
confirm’d in the Opinion given by the Doétor, by the Relation of Circum- 
{tances of fome Surgeons who had cur’d Wounds in the Thorax, and even in 
the Lungs; and alfo by fome anatomical Operations I made for that purpofe. 
‘Afterwards when I came to give Courfes of Experimental Philofophy, it 
shappen’d:that at one of my Courfes in London, I had feveral Phyficians who 
had ftudied under Dr. Boerhaave, who at that time did not believe there was 
any Air in the Blood (tho I think he alter’d his Opinion fince) and I afferted 
that there was Air in the Thorax, and alfo in the Blood. The Gentlemen 
that were come from Holland gave their opinion to the contrary, efpecially 
the late Dr. Alexander Stuart, Phyfician to her late Majefty, who {aid he 
had feveral times open’d the Blood-Veffels of Animals in vacuo, and never 
found Air in them. Upon this I told him that certainly his Air-Pump muft 
not, have been tight ; and we agreed to repeat the Experiment in my Pump, 
which I wou’d make very tight. Then we tied the jugular Vein of a living 
Calf very faft, with two Ligatures 3 Inches afunder, and fo cut out that Piece 
of Vein an Inch on the outfide of each Ligature. We faften’d this Veffel 
over the Top of a Coffee-Cup, and a Lancet to the lower End of the flip 
Wire that came down into the Pump thro’ a Collar of Leathers, that it might 
be pufh’d down to cut the Vein, When the Receiver was well exhaufted, we 
pufh’d down the Lancet thro’ the Blood-Veffel, and the Biood came down into 
the Cup full of Air and Froth, which convinced every body. 


age 
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T o give a full Account of what relates to the Lungs in refpect of Air, it Annotat. 
is this. Leé&. XI. 

Brsipes the cooling of the Blood, which happens by means of the Air == 
at every Infpiration ; the Air not only oozes gradually out of the Lungs into 
the Thorax in a {mall quantity ; but goes thro’ the Veficles and joins with 
the Blood it felf, where fome Part of it becomes fix’d and joins with the Glo- 
bules, and the reft circulates with the Blood to the very Extremities, which 
we have Phenomena to prove. ne 

I roox the Lungs of a Rabbit, and having tied the Wind-Pipe to a Glafs- 
Tube, and tied up the other Veffels that we cut off, I blow’d them up with 
very little Force, till they were full 5. but adding a little more Breath I found 
that the Air efcap’d, tho” the Lungs did not feem wounded. To find the 
Force capable of opening thofe {mall Paflages I took a recurve Tube, or in- 
verted Syphon, having one Leg of about’g Inches, and the other of about 12,. 
which laft I held in my Mouth,.having put about 7 or 8 Inches of Mercury in 
the Bend of the Syphon ; then having funk the Rabbit’s Lungs under Water by 
a Weight, and taking in my Mouth the End of the Glafs-Tube faften’d to the 
Wind-Pipe,. and at the fame time the long Leg of the Syphon which was out 
of the Jar where the Lungs were immerfed ; I blew till the Mercury. feemed 
to me to be about two Inches higher in the fhort Leg than in the long Leg 
of the Syphon ; and at that time the Air began to bubble up in little Streams. 
thro’ the Water. When I blew harder, I did not perceive any new Streams 
of Air-Bubbles ; but only the Air came fafter, as the Mercury rofe. near an 
Inch higher. ‘This fhews the Lungs to be pervious, without: being wounded ; 
but yet fome Force to be requir’d, greater than what naturally. acts in Infpira- 
tion and Expiration. | 

Dr. Hales has found the Air in the Lungs to be dilated about } more than 
common Air by the Heat of the Lungs, and therefore the Air in the Thorax 
on their Outfide muft be in that ftate ata Medium: fo that as-the Cavity of 
the Thorax is:contraéted by the Fall of the Ribs and Rife of the Diaphragm,. 
this Air becoming more denfe muft deprefs the Lungs, which caufes Expira- 
tion. When the Ribs are raifed,. and.the Diaphragm is let down to a Conca- 
vity, the Cavity of the Thorax.being increas’d, its Air is weaken’d, and yields 
to the external Air, which blows up the Lungs and makes an Infpiration, 
Now if either the Expiration orInfpiration be ftopped at the Nofe and Mouth, . 
whilft the abdominal Mufcles are a&ting to perform thofe Operations, . there 
will be fufficient force to have Air pafs into the Thorax from the Lungs, or: 
from the Thorax into the Lungs, fo as to alter that included Air in Quantity. 
or Quality as the healthful State of the Animal requires. 

As for the Air mixing with the Blood, by pafling thro’ the Lungs, which 
Dr. Hales believes, but dares not pofitively affirm 5 (tho’ he gives many Reafons 
for its probability ; as for example, that of 48000 Inches of Air that we breathe 
in an Hour, one 13th Part or 3692 Inches lofe their. Elafticity, much more 
than can be owing to the Moifture of the Lungs, and that a great deal of 
fix’d Air is got out of the Craflamentum of the Blood ;) befides the Sulphur 
which comes out of the Lungs in breathing, and renders the Air eficee 

when 
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Annotat, when we breathe the fame Air long, tho’ no fulphureous Body, or its Effu- . 
Le&. XI, via, be near——I think one Phenomenon puts it out of all doubt, viz. that 
Leen ameny Men can live in Dr. Falley’s Diving-Bell at prodigious Depths under Water, 

and fuffer no Inconveniency ; for how could a Man ufed to bear on his Body 

a Preffure of 30,0001. only, bear with the fame facility a Preflure of 
200,000 16, if he did not breathe an Air of fuch a Denfity as is, capable of _ 
bearing all that Weight? and fuch Air aft be carried by the Circulation of 
the Blood to all the Extremities ; otherwife it would be fenfibly felt. As a 

farther Proof of this, let us confider what Mr. Iriewald’s Diver told him that 

happen’d to him, when by Accident he was lower’d in the Bell only a Fa- 

thom, or alittle more, too faddenly, wiz. that he bled at the Nofe and Ears, 

and felt an intolerable Preffure. What could this be, but that the condens’d 

Air had not time to pafs with the Circulation to every Part, in order to bear 

the new, fudden, additional Preffure of Air. NV. B. It is no Objection, that 

the Air isten times denfer in the Diver's Bell, to its entering the Lungs, and 

going thro’ the fine Paflages that carry it into the Blood ; becaufe the Particles 

of Air cannot adhere to one another, and thereby grow bigger; they only 

require to pafs with a little more Velocity. Thus in Hydrottaticks we find 

that a round Hole of an Inch Diameter will tranfmit but a Ton of Water in 

an Hour, when the Surface of the Water is but an Inch above the Center of 

the Hole; where a Hole of the fame Bore in an Ajutage whofe Jet rifes 79 

Feet, will afford 30 Tons an Hour, tho’ we know there is no Comprefiion in 

Water, a greater Velocity being fufScient for this Phenomenon, 

WueEn three or four Perfons are in a Coach, and draw up the Glafies, the 
Glafles foo become cover’d with Dew, which ina great meafure hinders their 
Tranfparency ; but when once the Dew has been wiped off, there is no more 
gather’d upon the Glafs, but it continues tranfparent. . The Reafon of this 
Phenomenon is, that in comparifon to the moift Vapours that come from the 
Perfons in the Coach, the Glafs is cold, and condenfes them, remaining cold 
longer than any other Part of the Coach, as_we find in, damp Weather that - 
Marble will become wet by condenfing the Moifture of the Air, Then by 
degrees the Glafs partaking of the Warmth of the Perfons in the Coach, is no 
longer able to condenfe the floating Vapours into Water. | The Proof of this. 
is plain, by letting down the Glafs into its Place; becaufe there it cools, and 
then being brought up, it again condenfes the Vapour, and gathers a Dew 3. 
wg which it would not condenfe the Vapour, tho” in many Hours tra- 
velling. Loh | ‘sel 
- Tuo? few Animals can beara Vacuum, very tender Animals will bear, con- 
dens’d Air. I have tried a Linnet, and feveral other Birds, which have born 
two Atmofpheres, befides the common Aur, (that is, Air of triple Denfity) 
without feeming tobe affected withit: anda Rat, on whom I injected four 
Atmofpheres, without difordering him, expir’d in half a Minute in a Va- 
cuum. This I take to be for the fame reafon that Men can go down to great 
Depths in Dr. Halley’s Bell, viz. that the denfe.Air gets into all the Cavities 
of the Animal encompafs’d with it, and is thereby able to bear all the addi- 
tional Preffure from without, provided it be laid on gradually, n 

. s 
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As a Syringe does not throw in Air fafter than an Animal can breathe it Annotat. 
in, we can make no Judgment of what would happen if an Animal was to Lect, xT. 
receive the Preflure all at once ; there fhould be tried an Experiment.of that —“vom—~ 
kind, which I have not tried yet, but will fome time or other. It fhould be 
done thus. A Jarge and very ftrong condenfing Engine, able to hold nine or 
ten Atmofpheres, (as one of Papin’s Digefters, for Example) fhould have as 
much Air injected into it as it is able to bear, with a Cock and Pipe coming 
from it: then a {mall Animal, asa Rat or Moute, fhould be fhut up in a 
ftrong fmall Veffel but juft able to hold him,. the Cover of which fhould have 
a Screw to join it to the large Condenfer, when itis full of comprefs’d Air 5, 
then by fuddenly making a Communication between the two Veflels, by open- 
ing the) Cock, it will appear what Effect the Preffure of the denfe Air will 
have onthe Animal. But one may guefs it, by what happen’d to Mr. Trie-- 
wald’s Diver, when he was let down too faftin his Bell. See Page 219. 

ANIMAts will die in ftagnant Air, as’ we have already hinted; and this 
happens when the Lungs cannot be blown up to the Dimenfions requir’d for 
Breathing, which is-either owing to the Diminution of the Quantity of the 
Air to which an Animal is confin’d, when it is too much abforb’d by the Ef- 
fluvia;mix’d with it, which deftroy its Elafticity, and, make Molecule. that: 
precipitate with it; or elfe are too big to enter imto the Veficles of the Lungs, 
efpecially when thofe Effluvia are mix’d’ with acid Spirits that contract the: 

Lungs. For tho’ neither the Action; ef Heat or,Cold;;nor the Ule of Sy-- 
ninges’ and Pumps,, or any other-mechanical Inftruments, can with any Force, 
‘jor in-any Time,  deftroy- the Blafticity of what. we.have call’d permanent Aur : 
yet Elafticity is no invmutable or infeparable Property of Air: for there is a 
Power of Attraction far greater than the repulfive Force of the Air, when it is 
in its elaftic State, lodg’d insmany kinds of Effluvia, which can reduce it to: 
a fix’d State; and that Poweris fo much the, greater as thofe Effluvia are 
finer. Nay, the very fame Body,,as its. Effluvia or fmall Particles are 
oarfer-or finer, either will net abforb (thatis, overcome the Elafticity of) the 
Air, orabforb it languidly, or abforb it very.copioufly. See Dr. Hales’s Veg. 

Stat. 

- Tuerr feem to. be. but two Powers, or general Agentsin Nature, which,. 

according to different. Circumftances, are concern’d in all the Phenomena and 

Changes in Nature); 77%.) Attraction (meaning the Attraction of Gravity, as 

well as that ‘ef Cohefion, sc.) -and Repulfion. It feems not reafonable to» 

admit Elafticity fora Principle, fince it may be generated and deftroy’d in 

Solids *, and Jlikewife in Fluids, as appears by many, Obfervations-and Ex-#* 1,6 Page 

periments |. : 39,40, &F feqs 
Qu. r. Twat Water does not appear by any Experiment to be elaftick, 

tho’ we know it to be made up of Particles capable of great Elafticity: May 

it not be owing to the A@ion of the two counter-acting Powers above-men- 

tion’d exerting theit Force at the fame time ? 

Qu, 2. May there not be Limits, beyond which the Attraction of Cohe- 
fion-catmot bring the Parts of Water into, on account of that {trong Repulfion 

taking 
+ See.Dr, Hales’s Vegetable Staticks,. Vol. 1. from Page 156, to Page 315. 
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taking place, which has always hinder’d it from being comprefs’d ; tho? it 
+s well Known from Phenomena, that there are no Interftices wanting for the 


i Parts of Water to come nearer together, were it not for that Power of Re- 


* Page 247. 


ulfion. 
: Qu. 3, May it not be owing to the want of Contact, or to the Smallnefs 
of its Degree, that Water, and thofe Fluids that have Water for their Barfis, 
are fo eafily feparated into elaftic Vapours ¢ ve A 

Qu. 4. May it not be owing to the fame reafon, that Spirit of Wine boils 
fooner than Water ; fince its rifing to a lefs Height in capillary Tubes, fhews 
that it has lefs Contact than Water? | 

Qu. 5. May not the Attraction of Cohefion exert a greater Force on the 
denfett {mall Particles, fo that Effuvia confifting of Parts of the greateft {peci- 
fick Gravity (except the Attraction between fulphureous Bodies and Light) 
fhall be able to overcome a greater Repulfion than that which makes Water 
incompreffible, and keeps it to a fluid State. 

Qu. 6. snot the Attraétion of Cohefion in folid Bodies almoft infenfible till 
they come into Contact, or very near Contact; and then extremely ftrong ? 
Since we can bring no Metals to cohere by preffing them together, but Lead ; 
and fcarce any other Bodies, but fome precious Stones? And only when they 
are-very {mooth and well polifh’d ¢ vi 

Qu. 7. Is it not that kind of Attraétion which exerts itfelf when Air is 
brought from an elaftick into a fix’d State ? 

Qu. 8. Is not this Attraction far greater than what acted upon Water, 
when it aéts upon Air? Since Air has been made denfer than Water, and ftill 
retain’d its Elafticity and repellent Force ; and it muft be ftill more denfe than 
that before it comes toa fix’d State*. 

Qu. 9. Dozs not the repulfive Quality of the Air ac with more Force to 


drive the Particles from each other when feparated ; in proportion as it holds 


them together when fix’d? 

Qu. 10. Is it not prov’d, that both the Attraction and Repulfion act much 
more ftrongly when they act upon Air, than upon Water and Vapour ? ; 
N. B. Tuo’ this may feem at firft contrary to Phenomena, yet Obferva- 
tions rightly made will confirm it. ‘The fame Heat indeed which makes Wa- 
ter boil, rarefies it into Steam, which is 14000 times lefs denfe than when it 
was Water, and 16 times rarer than Water at the Surface of the Earth, 
whilft the fame degree of Heat rarefies Air but-+. But to make the Compa- 
rifon juft, we are not to compare the Effect of Heat to rarefy the Air, when it 1s 
already in an elaftick State, with the Effect of the fame a¢ting on Water to turn 
it into Steam ; but we are to compare together the Difference of Denfity of Wa- - 
ter, when cold, from the Denfity of the Vapour rais’d from it, with the 
Difference of the Denfity of the Air, when in a fix’d State, to the Denfity of 
the fame, when become elaftick ; and then we fhall find a much greater Dif- 
ference between fix’d and elaftick Air, than between Water and Vapour, . 
when it is moft expanded. In Dr. Hales’s Diftillation of the Calculus bumanus, 
half of which was fix’d Air ; that Air was expanded 1290 times as it came into 
an elaftick State, and of the Denfity of the Air we commonly breathe ; which 

2 is 
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is but the roooth Part of the Expanfion of the Air in the Air-Pump, when Annotat. 

the Preflure of the incumbent Atmofphere is taken from it: and at great Lect. XI. 
Heights the Rarity of the Air exceeds that much, and we know no Bounds =~ 
to its Expanfion. At the Height of 10 Miles above the Earth’s Surface the 

Air is much rarer than any degree of Steam. Nay, and the Steam itfelf, as 

it floats in the Air, does not keep the Rarity with which it firft rofe from the 

Surface of the boiling Water; but is condens’d 10, 12, or r4 times, in order 

to form thofe Clouds which reft in the Air at an Height of two Miles, cre 

Mile, or half a Mile; there being feldom any Clouds higher than two Miles. 

But if the Steam made Clouds when it is 16 times rarer than Air, thofe Clouds 

would have their Aquilibrium at the Height of 7 Miles, where the Air is 

16 times rarer than at the Earth’s Surface. See Sir [/aac Newton's Opticks. 

Qu. 11. May not different forts of Air be produc’d by Diftillation, and 
Fermentation, and Putrefaction, not only from different Bodies, but even 
from the fame Body: and may not that Air be permanent, which is extri- 
cated and fhaken off from the moft folid Parts, whilft that which is produc’d » 
from the more aqueous Parts is often re-abforb’d by the folid Body, or fome 
of its other Effluvia? 

Qu. 12. Dozs not it appear that both animal and vegetable Subftances con- 
tain different forts of Air: fince the Calculus bumanus, and the Rhenifh Wine 
Tartar, which in Dr. Ha/es’s Experiments generated the moift Air, abforb’d 
again + Part of it in eight Days ; but the Air that was left was permanent, and 
therefore very different from the other. 

Qu. 13. Do not mineral Bodies alfo produce, or generate different forts of 
Air ; of which, when fome is re-abforb’d, the reft continues permanent ? 

Qu. 14. WHEN the Air changes from an elaftick into a fix’d State, what 
becomes of that prodigious repulfive Power in the Air that no mechanical 
Force could furmount? Is it not overcome by a ftronger Power of Attrac- 
tion in Conta& ; but yet fo asto remain ftill in the Body, tho” inaétive? And 
may it not be call’d a latent Power of Repulfion ? 

Qu. 15. WueNnacid Particles, that are extremely active, rufh againft hard 
Bodies to feparate their Parts, and beat them off into elaftick Air, caufing a 
Heat and Fermentation, does not this latent repulfive Force help that Sollict- 
tation ; and by degrees recover its Force ? 

Qu. 16. Does it not appear from what we have faid in our Differtation 
concerning Ele@tricity ; and in the next Differtation concerning the Rife of 
Vapours, that Air is electrical : and. that Vapours would precipitate into Wa- 
ter upon the Removal of the Heat which expanded the Water into Vapours, 
(as it happens in the Engine to raife Water by Fire ;) if it was not for the Elec- 
tricity which Air communicates to the Vapours, whereby they repel one an- 
other, and fettle into Clouds ; having by that meansa limited repulfive Force, 
whereby they do not change their fpecifick Gravity, but their Place, as the 
ambient Air changes its Denfity. For if the repulfive Force of the Vapours 
could be increas’d or diminifh’d upon the Removal or Increafe of the ambient 
Preffure, we never fhould have any Rain. | 
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Annotat. Qu.17. Does it not fhew great Wifdom and Goodnefs in the fupreme 
Leét. XI. Being; that the Attraction of Cohefion aéts upon Water and aqueous Fluids 
-—v——~ differently from what it does upon Solids, and fuch Fluids as are compos’d of 
,  Exhalations, or the Effluvia of folid Bodies? v/z. to facilitate the Evapora- 
‘ tion of Moifture from humid Bodies and watery Fluids; and to help the For- 
mation of Rain from thofe Vapours and Steams of which Clouds are made ? 
For when this Attraction has brought watery Particles into Conta@, or 
rather very near it, does it not ceafe to bring them any nearer, either by 
lofing its farther Activity, or being check’d by fome infuperable repulfive 
Force, which prevents the farther Condenfation of the Liquor, When per- 
haps in regard to all kinds of Air and Exhalations generated from folid Bodies, 
the Attraction of Cohefion begins * but at a nearer Contaét than that at which 
it ended, inregard to Water : becaufe of the Neceflity there is for Water to 
be thrown into Vapour, and rais’d up by a fmall Degree of Heat feparating 
its Parts by inteftine Motion, or carried off by the Eleétricity of Particles that 
attract it; both for forming Clouds, and drying moift Bodies upon occafion. 
Whereas it is neceflary that folid Bodies fhould not have their Parts fo eafily 
feparated. Again, the reafon that the Attra@ion of Cohefion, in re{pect of 
Waiter or watery Vapours, begins to act at a fenfible Diftance, fometimes more 
than a quarter of an Inch, is, that when thofe-watery Vapours that float to- 
gether, (yet repelling one another by an Eleétricity they have receiv’d, or by 
the Heat which firit rais’d them) come to have their Particles brought nearer 
together, (either by the Refiftance of the Air when they fall in it by an acce- 
lerated Motion, by a Shock from a Flath of Lightning, or by running again 
the Side of a Mountain, or a Ridge of Hills) they may be brought together 
to form Drops of Rain; the Attraétion of Cohefion prevailing here at a confi- 
derable Diftance, a quarter of an Inch, or half a quarter, being a great di- 
ffance, when compar’d with that at which the Attra@ion of Cohefion pre- 
vails, in regard to the Air, which muft continue fluid much higher: and the 
fulphureous Fffluvia, and other Fxhalations, which are neceflary to mix with 
the Air, even to great Heights, to purify it from noxious Steams, by Fermen- 
tations, and often by Explofions ; and fuch Winds as are generated by the 
fudden Prefence or Abfence of hot Effuvia. Thofe that would be inform’d 
concerning Dews and Meteors, I would recommend to that accurate and° in- 
defatigable Philofopher Petrus Van Mufchenbroek, Profeflor of Mathematicks 
and Experimental Philofophy of Leyden. See his Phyfical Effays already 
quoted, efpecially what he fays of Dew, on which he has try’d many Expe- 
riments: fee from Page 753 to 785 of the fecond Volume of his Effays de. 
Phyfique above-mention’d, | 
There is a Phenomenon, which bas lately happen'’ds but as it is a Cafe 
in Phylick I thought not to mention it. But as. it relates to the Lungs, 8c. 
L have been defir’d by fome Friends to infert it, as it is a Philofophical Con- 
Sideration. tis this: Ever fince I can remember, the burning of a Brim- 
ftone Match to light a Candle has always given mea grateful Senfation : 


hikewife 


* By Dr. Ha/es’s Experiment, Air has been made denfer than Water, without lofing its Elafti- 


city. 
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likewife the Smell of fir’d Gunpowder has been very agreeable to me ; Annotat. 
tho’ both thefe are very unpleafant to many People. I take the Caufe to be Let. XL 
this, vz. that the Veficles of my Lungs are either larger, or have larger Paf- ——y———~J 
fages into them, than the Veficles of the Lungs of thofe who cannot bear thefe 

Smells, and that Molecule made up of fulphureous and aerial Particles are not 

fo big as to be excluded from the Veficles of my Lungs, where they remain 

till fome Part of them join with the Blood, and the reft goes off in Expiration. 

Of late being troubled withan Afthmatick Diforder, after a very fevere Cold, 

f have found the burning of a Brimftone Match painful, and very offen- 

five to me, tho’ fir’d at five or fix Yards Diftance. I fear’d that there was 

fome great Change in my Lungs, which occafion’d this Alteration ; but Dr. 

Thomas Thompfon (Phyfician to his Royal Highnefs the Prince of Wales's 
Houfhold) told me that my Lungs were not impair’d, but that a ftiff and 

glewy Mucus lin’d the Bronchie, or Veflels of the Lungs, ftopping fome of 

the Pafflages into the Veficles, and contracting others, (juft as Mucus in the 

Guts fometimes ftops the Mouths of the lacteal Veffels ;) and that by removing 

this Mucus, he would fet my Lungs clear of this Uneafinefs. Accordingly, 

by taking his Medicines, I find myfelf entirely reliev’d of the Afthma; and 

(what I mention this chiefly for) the Smell of burning Brimftone gives me the 

fame agreeable Senfation now, that it has been ufed to give meall my Life. 
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Section IJ, 
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On Engines, efpecially Hydroftatical and Hydraulick 


Machines. 


HAVE {aid fo much in my firft Volume concerning the Nature 
if and Ufefulnefs of mechanical Engines, the mechanical Organs or 
fimple Machines, out of which all compounded ones are made up ; 
and fhew’d the Impoflibility of a perpetual Motion, therefore the Folly 
of feeking for it; that I muft-defire my Reader before he goes on with 
this LeGture, to. look back into the firft Volume and read with care the 
6th Annotation to Lecture 2d, all the 3d Lecture, and the 1ft and 14th 
Annotation to the 3d LeCture. By that means he will have freth in his 
mind, what ought to have been repeated here, but that I was unwilling 
to be guilty of Tautology. I will now only add a few Cautions for thofe 
who have occafion to make ufe of Machines: But firft we mutt con- 
fider; that 
1. THERE are certain Limits in the Application of Machines, which 
can never be exceeded: and it is the want of knowing this, which makes 
People fo fond of new Inventions, in hopes of great Performances ; when 
the Effect of the beft Engine does not exceed that of the worft one Part in 
jive. But here I muft explain my felf, and let my Reader know, that I 
fuppofe that what I call the wor/? Engine, has its Materials as good, its 
Parts as compleat, and its Work as well executed, as what I call the bef ; 
fo named only upon account of the different Contrivance. That is, if a 
certain Power raifes a certain Weight in a certain time, by means of a 
very plain and fimple Machine ; it is not in Art to contrive another Ma- 
chine, whereby the fame Power.fhall raife one fifth more of Weight in 
the fame time ; or the fame Weight in a time fhorter, by one fifth. 
This will feem a Paradox to thofe who are not acquainted with mecha- 
nical Principles; becaufe we daily fee the fame Number of Men or of 
Horfes, or the fame Stream of Water perform ten times more with one 
Machine than with another ; but this has not been on account of the 
Goodnefs of the 4e/, but the Badnefs of the worff of the two Machines. 


Power 


A Courfe of Experimental Philofophy. 413 


Power loft, or mifapplied, bad Materials, unneceflary Frictions, oblique Lea. XII. 
rations where they fhould have been perpendicular, Animals working —~v—~ 
in difadvantageous Poftures; Streams of Water half loft, Back-Water re- 
turning ; whole Machines ill put together, Gc, have been the Caufe of 
thefe Differences. There isa great deal of room for ignorant enterprifing 
People to exceed one another in mechanical Defects: There is a Profund 
among thofe that hammer, turn and file Wood and Metals, as well as 
among thofe that make Verfes; and there are Plagiaries among Engine- 
Makers, as well as among Writers, and who as often make a wrong ufe 
of what they fteal. An undertaking Plumber had once made a Water- 
Engine with a double Axis 2z Peritrochio, with two Barrels to raife Wa- 
ter to a Gentleman’s Houfe only about zo Fcot high; and having feen a 
Fly ufed in another Engine where it render’d an uniform Motion regular, 
thought it gain’d Force, and applied a very large one to the floweft 
Mover of his Engine, inftead_of applying it to the {wifteft. When the 
Gentleman fhew’d me his new Machine, where four Men work’d hard 
to raife the Water to his Houfe ; I took off the Fly, and then one Man 
work’d the Engine with more Eafe than the four did when the Fly was on. 
Sometimes thro’ Ignorance fome Men finding an Effect ill performed by 
a very defective Machine, find out another way of doing the fame thing, 
and fancy they have found out a Contrivance as many times better as 
the Performance happens to be better; whereas if the old Engine had 
been well executed, it would have differ’d but very little from the new.. 
One time a certain Man wanted a Patent for what he call’d a new Dif- 
covery, (but the Invention was neither new nor his own) which he 
{hew'd to a Gentleman, by whofe Intereft he hoped to get his Patent. 
The Gentleman told me, that a Perfon had fhewn him fuch an Improve- 
ment in Wheel-Carriages, as to exceed 20 or 30 times what was common. 
As knew the thing to be impoffible, and was told the Perfon would 
not let me fee it ; I-employ’d a fkilful Friend to take a view of it, who 
told me-that'the Model to reprefent the:common Carriages with which: 
he compared his Machine was purpofely made ill, 7 or 8 times worfe 
than a fair Model, with the: Wheels and Axle-Trees irregular :) fo that 
tho’ his Engine did indeed exceed by many times what he call’'d the 
common Carriages; yet the whole was a Cheat, the Advantage very fmall, 
if any ; and the Event anfwer'd accordingly at laft. So have I known 
fome kKnavifh: Workmen, by fome conceal’d Trick, pretend they had 
found out a perpetual Motion: or, whichis the fame, {uch Propofitions 
as a perpetual Motion’ would be the confequence of, in order to get 
Money of credulous Perfons, There was one not long fince who left 
a. good Trade to run after’ mechanical Projects; that fhew'd 2° Model by 
“ which. 
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Le&. XI. which he made Perfons of indifferent Skill believe, that one Pound de- 
ty fcending one Foot would raife a Pound and a Quarter to the fame Height, - 
or by its Defcent of a Foot. would raife one Pound to more than that 
Height. 

In civil and military Architecture, and fuch Works as Water is not 
concern’d in, there are made the feweft mechanical Blunders; or the 
Vaults made, are eafily corrected.. Architeéts and Engineers are (or ought. 
to be) {kill'd in the Ufe of mechanical Organs; and as in few of their 
Operations they are confin’d to Time, or Space ; they can increafe the © 
Eifect of a Power at any time, by diminifhing the comparative Velocity 
of the Weight ; which can be done as they have almoft at all times the 
Command of Time and Space. .This was well underftood by the An- 
cients, who made fo much ufe of mechanical Inftruments, that the Prac- 
tice of Mechanicks was Part of the Art of War; for which no Expence 
was wanting: But the Invention of Gunpowder has {0 far chang’d the 
Manner of Fighting, that we have loft many fine Inventions, which were 

-foon difufed when they were no longer carried on at publick Expence. 
Hydraulicks indeed, which they knew but little of, and Mill-Work by 

- Water or Wind,. which they knew nothing of *, have been carried on 
by private Men, becaufe of the Profit to be reaped from them; but there 
are more Qualifications requir’d for Water-Works than People commonly 
imagine ; and yet there are perhaps more Quacks in this Art than an 
other except one. He that would meddle with Water-Works, fhould 
know fo much of Mathematicks, as to underftand mechanical Principles ; 
be fo much.a Philofopher, as to be {kill’d in Hydroftaticks and Pneuma- 
ticks ; and be fo good a practical Mechanick, as to know the Nature of 
Materials, and how to put them together in the beft manner. Such 
were the Undertakers of Water-Works till the lat Age. 

THERE shave indeed been fome of a {trong natural Genius for Me- 
chanicks, that without any previous Knowledge of Mathematicks and 
Philofophy, have performed great Works, and built fuch Rules upon 
Facts and Obfervation as have ttood them in good ftead., By ufing them- 
felves to think of one thing only at a time, they have learn’d many Pro-- 
perties and Proportions of Bodies, which comparing afterwards with great 
Attention they have been fupplied with natural Mathematicks of their 
own. Such were Hadley and Sorecold the only Engine-Makers of any 
note of the laft Age in England; who never fail’d of Succef in their 
Undertakings, becaufe their chief view was what the Works -might be 
brought to perform, before they confider’d what Profit they fhould get 

} t 


* Men and other Animals were employ’d for grinding Corn till the fixth Century, when 
Water fizlt was applied to Corn-Mills ; and Wind not till about the Year 1200, 
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by them. Now we are over run with Engineers, (not Ingenieurs of aLe&. XII. 
proper Education for the Science) and Projeétors, eipecially in Water- —<v—~ 
Works ; who only confidering what they fhall get by a Piece of Work, | 
or what Advantage may be made of a cried-up Undertaking, perform 
things curforily and in a flight manner to get Machines off of their hands, 
and fometimes draw in Numbers of People into ruinous and unpracti- 
cable Schemes. Few, like the late Richard New/bam, ftudy the Advan- 
tage of the Buyers of their Engines. The Reader will judge ‘of New- 
Jham's, by their Draughts and Defcriptions at the End of this Le@ure. 
Almoft all the Plumbers and Mill-Wrights now fet up for Engineers ; 
tho’ I hardly believe there are two of them who know how to meafure 
the Quantity of Water requir’d to turn an Underfhot, or an Overthot, or 
a Breait-Mill. They only judge of a Stream by the Eye, and he that 
has moft practice is likely to fucceed the beft. 

SOMETIMES Mathematicians, who are more ufed to pure, than mixed 
Mathematicks, and not accuftomed to mechanical Performances, have 
undertaken the Ereétion of a Water-Work, and have fail’d of Succefs, 
either thro’ the Ignorance or Knavery of Workmen :’ for when a Mathe. 
matician, having confidered in general his Defign and calculated the In: 
tenfity of his Power and his Weight, leaves the Execution of the feveral 
Parts of the Machine to the Workmen, the Unfkilful will undertake 
what he knows nothing of, and the Knave will difappoint his Mafter’s 
Delign by performing ill what he can declare was not bis own Scheme 
or Pryec?. "here is a Combination among moft Workmen to makea ~ 
Myftery of their Arts: and they look upon him as a falfe Brother, who 
lets Gentlemen into their Manner of Working, and the Knowledge of the 
Price of all the Materials. Mathematicians and Philofophers they call 
Men of Theory, and have propagated a Notion which is as common as 
it is falfe, wiz: that many Things which are true in the T, beory, do not 
anfwer in the Praétice. But the cafe is, that a light Sketch of a Defign, 
and general Proportions, are often call’d a Theory, which being incom-- 
pleat, will fail in the Pradtice, . 

Bur to have a compleat Theory, the Undertaker muft underftand 
Bricklayer’s Work, Mafon’s Work, M ill-Wright’s Work, Smith’s Work, 
and Carpenter’s Work ; the Strength, Duration, and Coherence of Bodies ; 
and mutt be able to draw not only a general Scheme of the whole Ma- 
chine, but of every particular Part; and {mall Parts muft be drawn by 
a larger Scale, in order to be fully examined before: any thing is begun. 
Such a Scheme, which the French call Devis, and expect from their In- 
genieurs for the Fortifications of Places, or from the Undertakers of any 
great Works, are the only full and true ‘Theories, If he who takes in 

hand 
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Le@. XU.hand any great Work, is Mathematician enough to calculate what the 
Comrmeed Efe of his Power muft be, deducting what is fufficient on account of 
Friétion or other Accidents, and has fo much fkill in Practice to over- 
look the Workmen, that there fhall be no Diligence, Skill, or Honefty, 
wanting in the Performance : I dare fay the Execution will always anf{wer 
fuch a Theory. I have known fome Perfons of Fortune, who being co- 
vetous, but unwilling to own it, full of the Notion of the Difference 
between Theory and Practice (or excus’d by it) have hearken’d to the 
moft ignorant Pretenders, who have call’d themfelves Men of Practice, 
in order to fave Money, when they have wanted Water to be raifed, 
which they fuppos’d thofe who were eminent for their Knowledge that 
way would expect ; and thought that Work done well enough and very 
cheap might be fufficient, as if raifing of Water requir’d no more Skill 
than Hedging and Ditching. ‘Thus many People employ the Apothecary 

to fave the Charge of the Phyfician. | 
AsouT 3 or 4, Years ago, there was one Hugh Roberts (whom, by his 
Ignorance, 1 fuppofe to have been a Horfe-Driver at fome Coal-Pit in 
Wales) who, boafting of his great Skill in Water-Works, (far beyond 
what was poflible) drew in a great many Gentlemen to advance him 
Money, and got leave to pump the Water out of Rofamona’s Pond in 
St. ‘Fames’s Park, as a Specimen of what he was able todo; but that 
Performance, and the Repayment of the Money, will come at the fame 
time. I know five or fix Perfons who have been taken in that way, 
even after I had told them that the Perfons applying to them were ig- 
norant Pretenders. What they loft by them, and reading this, will make 
them remember it. Thefe bold Undertakers, who are generally Perpe- 
tual-Motion Men, are fo ignorant as not to underftand the Language 
whereby they fhould be fhewn their Error; and I have known but one 
of five and thirty who has been convinced that he wasin the wrong in his 

Scheme for a perpetual Motion. 

_ Bur to prevent any Perfon from being impos’d upon for the future, 
in relation to Mills or Water-Works, I will, in this Chapter, fhew the 
Maximum in thefe cafes; that is, fhew how much Water can be raifed 
to a-certain Height in a certain Time, by fuch a Stream of Water ftriking 
againft a Wheel, or by a certain Number of Men or Horfes. Then Peo- 
ole may be affur’d, that whoever pretends to have found out an Engine 
that fhall do more than in fuch Proportions, either deceives himfelf, or 
would deceive others. ; 
Arter what I have faid now, and in my Account of Pumps in this 
Volume,the Reader will find, that for Machines in which no time is to be 
loft, and therefore the moft is to be made of the Power ; fuch as Machines 
work’d 
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work’d by Water, or to raife Water, an Account of 15 or 20 of the beft Le&t. XIE 
extant, will be as fufficient for his Inftruction, as if we had given 100; “~~ 
the reft being only Matter of Curiofity. It does indeed happen in En+ 
gines, that are not hydraulick ones, that fometimes we cannot afford to 
lofe time, tho’ we are oblig’d' to doit upon other occafions. In fuch a 
cafe, we mutt take care that one Operation of an Engine, is not an hin- 
derance to another Operation.of it ; otherwife. we fhould not aim at two 
different Effects, A fhort Account of the Crane at Brz/fo/ will thew 
what is to be done in that cafe. The great Crane fet up there by the late 
Mr. Padmore is mov'd by a very: {mall Trundle or Lantern, whofe Rounds 
take the Cogs of avery large Wheel, fo.as to have the Power of two Men 
fufficient to raife the heavieft Goods out of a Ship, fpending the Time 
neceffary in the Operation: But as there are a great many Bales of Goods 
5 or 6 times lighter than the heavieft Goods, and it would be Lofs of 
‘Time to employ the Crane in the manner already defcrib’d to raife them; 
there is a Contrivance to loofen the Lantern or Trundle from the Cogs, 
and then the Wheel being alfo a walking Wheel, the fame Men get into 
it, in which cafe they have Power fufficient to raife the fmall Goods. 5 
or 6 times fafter than the heavieft ; fo that the Crane becomes of general ufe, 

In Works where we are confin’d to Time by Tides, asin making and 
mending Bridges, there muft be great care to hufband the Power fo well 
as to lofe no time. . The late Mr. Vaulowé, Watch-Maker, contriv’d the 
beft of that kind that perhaps was ever feen, and about 5 times more 
expeditious than the beft I ever heard of. It has been and is {till in 
ufe at the new Bridge at We/tminfter ; and tho’ I intended only to give 
the Reader Hydroftatical and Hydraulick Engines in this Chapter, I thall 
begin with this for its Excellency. 


A Defeription of the late Mr. Vauloiie’s new Engine for driving Piles. 


REFERENCES. | 


A. Tue great Shaft, on which are the great Wheel and Drum. Plate 26. 

B. Tue great Wheel with Cogs that turns a Trundle-Head with a 
Fly to prevent the Horfes falling when the Ram is difcharged. 

C. Tue Drum on which the great Rope is wound. 

D. Tue Follower (witha Roller at one Corner) in which is contain’d 
the Tongs that take hold of the Ram, and are faften’d to the other End 
of the great Rope which paffes over the Pulley, near the upper End of 
the Guides, between which the Ram falls. 

E. Tue inclined Planes, which ferve to open the Tongs, and dif- 
charge the Ram, — | | 

V.ox. II. Hhh F, Tue 
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Le&. XI. F. Tue fpiral Barrel that is fix’d to the Drum, on which is wound 
Lv a Rope with a Counterpoife, to hinder the Follower from accelerating, 
when it falls down to take up the Ram. 

G. Tue great Bolt which locks the Drum to the great Wheel. 

H. Tue {mall Leaver, which hasa Weiglit fix’d at one End, pafies 
through the great Shaft below the great Wheel, and always tends to 
puth the great Bolt upwards and lock the Drum to the great Wheel. 

I. Tux forcing Bar, which paffes through the hollow Axis of the 
great Shaft and bears upon the {mall Leaver, and has near the upper End 
a Catch, by which the crooked Leaver keeps it down. 

K. Tue great Leaver which prefles down the forcing Bar, and dif- 
charges the great Bolt, at the time the long End is lifted up by the Fol- 
lower, | 

L. Tue crooked Leaver, one End of which has a Roller, which is 
ptefv'd upon by the great Rope; the other End bears upon the Catch of 
the forcing Bar, during the time the Follower is defcending, 

M. Tus Spring that preffes againft the crooked Leaver, and dif- 
charges it from the Catch of the forcing Bar, as foon as the great Rope 
flackens atid’gives liberty to the fmall Leaver to pufh up the Bolt. 

By the Horfes going round,. the great Rope is wound about the Drum, 
and the: Ram is drawn up till the Tongs come between the inclined 
Planes; where they are opened, and the Ram is difcharg’d. 

- IMMEDIATELY after the Ram is difcharg’d;; the Roller which) is at 
one End of ‘the Follower takes hold of the Rope that is faftned to the 
long End of the great Leaver, and lifts it up ; the other End prefles down 
the forcing Bar, unlocks the Drum, and the Follower comes down by its 
own Weight. 

As foon as the Follower touches the Ram, the great Rope flackens, 
arid the Spring (M) difcharges the crooked Leaver from the Catch of the 
forcing Bar, and gives liberty to the {mall Leaver, to pufh up the great 
Bolt, and to lock the Drum‘to the great Wheel, and the Ram its drawn 

‘Tup again as before. 4 


Secrion Ik 


| 7 HEN I gave Praétical Rules for Fets d’Eau in Page 128, 129, and 

YY fg. I gave a Method for meafuring the Quantity of Water fupply’d 
by a Refervoir, Spring, or a Collection of Springs ; but fince I have here 
undertaken to fpeak of Mills or Machines mov’d by ‘great Quantities of 
Water, as great Brooks, Parts of Rivers, and fometimes whole Rivers— 

That nothing may be undertaken at random, I think proper here to 
fhew how to meafure the Quantity of Water fupplied by Rivers ; that 
, - | _ whether 
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whether Part of a River, or the whole be employ’d, the fkilful Mecha- Leé. XII, 
ene’ itd 


nick (or Machini/) may know what Power he ufes, and with it pro- 
duce the ereateft as well as the moft convenient Effect. ‘There are many 


ways of meafuring what Quantity of Water Rivers aftord ; but one of the ~ 


eafieft, and exaét enough for Practice, is the following, which I fhall 
give without examining into the Theories on which it is built. 

OpserRve a Place where the Banks of the River are fteep and parallel, 
fo as to make, as it were a Trough for the Water to run thro’ (like the 
Boarded-River near J/ington, as the New River is there called) and by 
taking the Depth acrofs get a true Section of the River : Stretch a String 
at right-Angles over it ; and at a {mall diftance from it another parallel 
to the firft; then taking an Apple, Orange, or any Ball, but juft fo much 
lighter than Water as to fwim in it, and throw it into the Water above 
the Strings ; obferve when it comes under the firft String, and meafure 
the Time it fpends in coming from the firft to the fecond String (by 
means of an half-fecond Pendulum, a Stop-Watch, or any other good 
Inftrument for meafuring a {mall Part of Time) to give you the V clos 
city of the Water, (which taken at top is fufficiently exact) then try 
if the Trough or Channel be even, by taking the Depths of the} Water to 
find its Se€tion; and if this 2d Section be equal to the firit, all is right 5 
but if it be bigger or lefs, add it to the firft Section, and take half their 
Sum for a mean Section. This mean Seétion multiplied by the Length 
run will give you the folid Quantity of Water running thro’ that Section 
in the time, which you have been meafuring, fuppofe 10 Seconds: then 
having reduc’d your Solid of Water to Tuns, fay thus by the Rule of 
Three ; If 10 Seconds : 

Give fo many Tons of Water :: 
What will 3600 Seconds, or one Hour give? 

Tur Part of the Channel under a Bridge is generally beft for this, be- 
caufe the Breadth of the River is equal, and’commonly the Channel under 
the Bridge all of a Depth, and’the Velocity of the Surface of the Water, 
the Mean of all other Velocities. 

Tue Example here is as I took it in the Year 1719, to find the 
Quantity of Water of the Cowley Stream, one of the Branches of the 
Uxbridge River; which was propos’d to be brought to London, to fupply 
ie Bani of Water fo much wanted fince the Increafe of the New 

uildings. 

Tne Part of the River cover’d by the Bridge was 10 Foot long. 

Tue Length of the Bridge, or rather the Breadth of Water under it, 
20 Foot. ‘ 

Tue Depth of the Water every where from Side to Side 3 Foot. 


hh 2 THE 


Meee 
ee 
ee 


420 A Courfe of Experimental Philofophy. 
Le&t. XII: Tue Velocity, or Time in which Oranges and Apples ran the 10 
“—~— Foot, was 10 Seconds 

MuLTIPLy 20 Foot the Depth of the River, by the Depth of the 
Water 3 Foot, and you will have the Section 60 ; which again multiplied 
by 10 Foot, the Length run, will give you 60, the Number of cubick 
Feet in that Solid of Water a HiGh runs thro’ the Section taken in 10 
Seconds, ‘Then fay 

If 10 Seconds : 10: 600: 3600 

Give 600 cubick Feet of Water :: 600 

What will 3600”, or an Hour give?: 10— 216000)0 
Anfwer. 216000 cubick Feet of Water. 


Divipe that Number by 34,68, the cubic Feet in a Ton, and you 
will have 6228 Tons per Hour, which that River gives. 

N. B. Ir you have but one Section of the River (provided the Water 
runs equally {wift in every Part of it,) and the exact Velocity of the Wa- 
ter in that Section, your Solution will be exact, 

Here I cannot forbear mentioning a falfe Solution given of the Quan- 
tity of Water fupplied by this Stream, before a Committee of the Houfe 
of Commons, appointed to look into the Merits of the Propofal for bring=. 
ing Water to Town ; to thew how much pains People may take to be: 
in the wrong. 

A Person who call’d himfelf a Mathematician. brought by the Op= 
ah of the Bill, faid that I.had made the Quantity of Water a great 
deal too much, as he could fhew by a Scheme reprefenting the Experi-. 
ments he had made. He had taken 320 Foot, to haye a fuflicient Length, 
as he faid was neceflary, on which he had ‘meafur’d a mean Velocity,. 
and feveral Sections in that. Space, of which he had taken the Mean, and 
confequently muft be more,exact ‘than me who had taken fo. {mall a. 
Length of the River: .and that his Method gave but about 3000 Tons 
per Hour. 

Now his Method might give more or slefs almoft in any proportion, as. 
I thall thew ; and therefore the Teftimony given according to it, might. 
very well ferve a Turn. We'll prove this by the Example; ‘but firft 
we are to take notice, that thro’ eyery, Section of a River there pafles the 
fame Quantity of Water in the fame time, the Motion being quickeft 
where:the River is thalloweit; and proportionably flower where it 1s: 
deepeft. 


Plate 
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Phate'27.° Fig. 3. 

Let the third Figure of Plate 27. reprefent the Bed of the River, 
AF the Surface, and adbecf the Bottom: fo that the different Depths 
are reprefented by the Curve Line above-mention’d. Let Ag, Dé, Bé, 
Es, C/, and Fm, reprefent the Breadth of the River at feveral Sections, 
each of which (to avoid Fractions) we will fuppofe every where of the 
fame Depth. Let the Length AF be equal to 320 Feet, and let the 
Time of the Water running that Length be 400”. | 

Firf, Let us take. the mean Section of the three in. the thalloweft 
Places. 1/7, The River at A is 2 Foot deep and .20 Foot wide, which 
gives a Section of 40 Feet, becaufe of 2x20==40. 

Secondly, Tur River at B being 18 Foot wide,. and 1 Foot 8 Inches 
deep, gives a Section of 30 Feet, becaufe 13x 18 == 30. 

Thirdly, Tur River at C being 21 Foot wide and 24 Foot deep, gives 
a Section of 524-Feet, becaufe 2> x 21 == 523. 

Tuese three Seétions added, and the third of that Sum taken for a 
mean Section, we fhall have 404 Feet. 

Tuen we multiply 320 Feet the Length taken, which the Water 
runs thro’ in 400 Seconds, which gives in cubic Feet the Solid of Water 
paffing thro’ a SeGtion of the River in 400", if this Method .was right ; 
but Trial will thew it falfe 320x404 == 12960. 

If 400 Seconds 

Give 12960 cubic Feet of Water :: . 

What will an Hour, or 3600 Seconds give? 
Anfwer. 116640. cubic Feet, or 33637%.Tons. 

Bur if three Sections had been taken in deep Places, as for Example 
at D, E, andF, every thing elfe remaining the fame ; the Quantity of 
Water would have come out greater in proportion as the mean Section 
of thofe three. would have been greater than. the mean Section of the 
fhallow ones, 

The Section at Dis = 200 
The Section at E = 33 
The Section at F == 160) 
The mean Section therefore is == 174:; 
Therefore, As 404 the Mean of the fhallow Sections): 
Is to 174, the Mean of the deep Sections :: 
So is 3363.3, Tons : | 
To 14457,2 Tons, 
Which is more than double my Quantity, ergo, &c. 
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Section III. 


Ie mE BE mechanical Reader has now full InftruGions how to judge of 
the Quantity of his Power, and what Part of it he intends of make 
ufe of. Now for the Application of it, we will firft confider how Wa- 
ter works upen an Underfhot Wheel, as it is ufed for grinding Corn, per- 
forming Variety of Work.in feveral Manufactures, and raifing Water for 
fupplying ‘Towns and Gentlemen's Seats, &c. But efpecially becaufe we 
know what the Maximum is here, and before we fet up an Engine tobe 
mov’d by an Underfhot Wheel, knowing the Power, we know the ut- 
moft that can be done. | | 

2. THe next thing to be done, when we wou'd fix up a Wheel, is to 
confider whether the Water can run off clear from the Wheel, fo as. to 
have no Back-Water to {top its Motion; and what Fall we can have to 
give the Water coming thro’ a Penftock, a Velocity fufficient to ftrike the 
Ladle-Boards of the Wheel with a determinate Force, 

3. Ir then we have the Fall of the Water ; that is, the Height above 
the Center of the Ajutage, or of the Opening thro’ which it is brought by 
the Penftock, we muft know what will be the continual Velocity of the 
Water iffuing out. P 

AGAIN, we fometimes have the conftant Velocity of the Water, and 
have occafion to know what Height produces that Velocity. Now thefe 
we may know at any time by one fingle Rule, and an eafy Arithmetical 
Operation. 


4. THE firft Thing requir’d is this: 


1. The perpendicular Height of the Fall being given in Feet and De- 
cimals of Feet; the Velocity the Water will acquire per Second exprefs'd 
in Feet and Decimals, may be found by the following 


Rute. 
IuLTipLy this conftant Number 64,2882 by the given Height ; 
and the fquare Root of the Product is the Velocity requir‘d. 


Example 1. | 
Ir the Height is two Foot, the Velocity will be found 11,34 Foot 
per Second nearly. 
Example 2. | 
Ir the Height is 16,0913 Foot; the Velocity will be 32,1826 Foot 
per Second, as has been fhewn before. 7 ? 


Example 
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Example 3. 


Ir the Height given is 50 Foot; the Velocity will be 56,68 Foot per 
Second. 


Tue fecond Thing requir’d is this : 

2. The uniform Velocity of a Fluid being given, exprefi'd in Feet and 
Decimals of Feet, per Second: the Height of the Fall to produce fuch a 
Velocity will be found by the following 


Ruy £. 


MutrTipty the given Velocity into it felf, and divide the Product by 
64,2882: the Quotient will be the Height requir’d exprefs’d in Feet, &e, 


For Example. 


Ir the Velocity given is 3 Foot per Second; the Height will be 
0,139 of a Foot. 


Example 2. 


“Ir the Velocity given is 32,1826 Foot per Second; the Height will 
be found 16,0913 Foot. 


Example 3. 
Let the Velocity be 100 Foot ger Second; the Height will be 
155,549 Foot. 
N. B. The Reafon of the two foregoing Rules will be demonftrated in 


| et aie 


the Notes * * Ann, 1- 


FurTHERMORE, if it be requir’d to know with what Quantity of 
Motion, Momentum, or Impulfe, a Fluid moving with a given Velocity, 
firikes upon a fix’d Obftacle, (fuppofe a Foot {quare) find the Height of 
the Fall that would produce that Velocity by the laft Rule, and multiply 
that Height by 62,5 Pounds Avoirdupoids, if it be clean River Water : 63 
Pounds for very dirty Water, and 64/4, for Sea-Water. 


. Example. 
SUPPOSE a Stream of clear Water to go at the rate of 3 Foot in a Se- 
cond, meeting with a fix’d Obftacle 6 Foot wide and two Foot high : 


the momentary inftantaneous Preffure or Impulfe will be found as 
follows ; 


Tue Height that would produce fuch a Velocity will be found by the - 


laft Rule == 0,139 of a Foot; which being multiplied by 62,5 i. 
the 
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Leét. XII. the Product gives 8,6875 upon each fquare Foot, which being multi- 


—y——’ plied by 12, the Number of {quare Feet in the Obftacle, the Product 
is 104, 2515. going with the given Velocity of 3 Foot per Second. — 


5. Tur Knowledge of the foregoing Particulars is abfolutely neceffary 
for fetting an Underfhot Wheel to work ; but the Advantage to be reap’d 
from it would be {till Guefs-work, and we fhould be ftill at a lofs to find 
out the utmoft it can perform, if we had not an ingenious Propofition of 
that excellent Mechanick Monf. Parent of the Royal Academy of Sciences, 
who has given us a Maximum in this cafe; by fhewing, That an Under- 
Soot-W heel can do the moft Work, when its Velocity is equal to the third 
Part of the Velocity of the Water that drives it. 

-.6. To make this plain; let us confider that if a Wheel does no work, 
being 7x equilibrio and its Gudgeons turning very freely, it will foon 
move as faft as the Water that ftrikes again{t its Ladle-Boards, which 
will go (for example) three Foot in a Second, if the Velocity of the Wa- 
ter be fuch. Then fuppofe that by its Geers the Wheel be apply’d to 
do Work, there may be fo much given to it, that it may have fo much 
Refiftance as to ftand ftill, fo that the whole Impulfe of the Water can- 
not carry it forward. Then if the Refiftance be diminifh’d by degrees, 
the Wheel will begin to move; and increafe its Velocity, as its Work 
is leffen’d. Now as the Work may be too much leffen’d, the Wheel 
may come to go too faft, and therefore not perform enough, 

Mons. Parent has thewn that whe the Wheel goes with one third 
of the Velocity of the Water, it is capable of doing the moft work ; be- 
caufe then + of the Water is employ’d in driving the Wheel with a Force 
proportionable to the Square of its Velocity. | 

IF we multiply the Surface of the Ajutage or Opening by the Height 
of the Water, we fhall have the Column of the Water 'that moves the 
Wheel. The Wheel thus mov’d will fuftain on the oppofite Side only 
4 of that Weight, which will keep it 7 equilibrio; but what it can 
move with the Velocity it goes with, will be but 4 of that Weight of 
Fiquilibrium; that is 4, of the Weight of the firft Column, which Re- 
fiftance the Wheel is capable of overcoming by grinding Corn, lifting 
Hammers, raifing Water, or doing any other Work. This is the utmoft 
that can be expeéted, tho’ often lefs is done; becaufe here we fuppofe 
every Part exactly perform’d, and the Water apply’d in the beft manner 3. 
therefore as we can never come up to the Maximum, we muft come as. 
near it as we can, by lofing the leaft we can of the Power’s Impulfe. 
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o 7.1. is. no ‘Advantage oto haye,a/| great, number; of Float-Boards, (onLe@.cX II. 
Ladle-Boards, ,as fome,call; them), ,becaufe) when they. arejall {truck . by +76 
the Water in. the beft :manner) that it,can,,be brought to come againit ~~~" 
them, the Sum of all the; Impulfes will but be, equal to the Impulie made 
again{ft one) Float-Board, at right Angles, by all. the Water coming out of 
the. Penftock thro’ the Ajutage,ors Opening, ' fo .as;to take place on, the 
Float-Board. -But,as, this | Float-Board. (which. when jit..cemains) in) its 
Place fuftains.the whole Weight .of Egualibreum,, or, 4+ of the Weight 

of the, Water that acts upon the Wheel), muft move) forward ;withForce 
enough left ‘to carry 4-of the faidi4,,or #7, there. muft be'a,Succeffion 
of Float-Boards to.receive the Impulfe of the /Water,; | and jas they cannot 
immediately receive it»at right Angles, there willbe, fome-lofs,of..Im- 
/pulfe.in that Succeffion. Befides, ;when -the fir{t Float-Board) is fo far 
paft.the Perpendicular as to have the Pufh. of the Water,intercepted by 
the fucceeding one, .it is check’d by the Back-Water thro’ which, it muft 
pafs in rifing out) of the Water, and thereby be fo far retarded .as to 

-, take-from) the} full’Effect of the Impulfe on the, following Ladle-Board. 
Indeed.if allthe Water fell off.after.the Stroke, this,would not happen:; 
but this can very feldom he brought about in, Underfhot Mills, efpecially 

_»thofe-built,upon|Rivers. All the Remedy in this.cafeis, that when you 
have fix’d.upon the,Diameter of your; Wheel, and,the Breadth of -your 
Float-Board; according :to ithe ;Water. you -have, to, come .,againit them, 
you. may -havejuft fuch a,number of, Float-Boards, that:each one after, it 

has, receiv’d,and agted, with its\full Impulfe, may come out of the Water 
as foon,asemaysbeyso A ).9) one | 

Tuis will be illuftrated by examining the 1ft,.2d,. and 3d Figures. of Plate 28. 

-Plate.28.| The'Wheel.of Fig. 1. has\ too many Float-Boards, The fig: 1 2 3: 
,Ampulfe here -is .made directly: on'the|lower Part of the vertical Float- 
Board C 'D.; ;butinot on thé-upper,PRart, by reafon. of the Interpofition of 
the following Float-Board L E, and therefore D B expreffes all that 
Impulfe then made on,C, B.| :As'the,Impulfe‘made on the Part F E of 

_oL Eis oblique; we; mutt only call F, G. (the Sine’ of the Angle .E F G) 

the Impulfe on. the Float-Board LE, which added to D B will give 
an Impulfe equal to what would! ftrikeC B, «if L E was not in the way. 
But as the Float-Board IH, »which was acted:on in the Dire¢tion of the 
Water, reprefented by the Dart, is now no longer imprefs’d in that Di- 
rection, butopufhes the Water before it with a Force!like GH, that 
Force becomes'a negative Quantity, and muft be fubftracted from, C.B, 

- the Sum of the’ Forces then/acting on the Wheel. 

Bur if there: be alefs number of Float-Boards, as in Fig. 2. fo. dif- 
pos'd as when C B is vertical, the preceding Float-Board G is juft come 
Vot. II. Iii clear 
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Le&. XII clear out of the Water, and the following one-L G is juft coming in, you 


“~~ have the full Impalfé tpon C B; and as © B going on recedes “from ‘the 
Peale right Angle, and therefore receives a lefs Impreflion, befides what it lofes 


by the Water’s being intercepted from ftriking it at top, it will receive fome 
recompenfe by the Impulfe made on that Part of L. E-which comes into 
>the Water, to be eftimated. according to the Sine of the Angle in’ which 
the Float- Boatd LB receives its Stroke.°° This Force is a variable Quan- 
ety. encreafing and diminithing, and’ always to be added to the Remainder 
“of Force in CD: but it will never be equal to the Impulfe, which CB 
“receives when weseel cath The third Figure fhews when the Impulfe is 
‘ Jeaft’of all,when the‘Number of Float-Boards is'tightly regulated.’ “When 
‘two of the Float-Boards ‘are equally diftant from the Perpendicular F G, 
‘the’ leading Float-Board L receives ‘no Impulfe,. being wholly intercepted 
‘by the following one’ C B' and C B being {truck obliquely has’ its Im- 
pull only as E B, the Sine of the Angle EBD: .therefore: the’ whole - 
Impulfe’ then is but as FN== EB==F G-ANG.° Thus will the 
Impelfe on the Underfhot Wheel be always fluctuating between: the’ 
* Quantities F G and F N ;?not*reckoning how much more is: to be ‘de- 
duéted for the Refiftance of the Back- Water: 31 
Tus is therefore all the Effect we can have; which iwe! iia ‘be 
contented with: and: that we may have it,’or come ‘a8 ‘near’ to “#t"' as 
we can, it will not be ‘amifs to give the *beft number’ of Float-Boards 
fora Wheel of any Diameter; when weave refolv’d' on what‘Breadth 
"to give the Float-Boards. Ni BiThe Length of the Plat- Boards bas 
nothing to do here, being onl y according to the by oe) te aiStreain’ that 
we would make ufe of. | od tiw' ern) 
Mr. Pitot, of the Royal Academy of Scidncdp at’ Pat, has given ‘us 
a Table, whereby. knowing the Radius of an: Uniderthet Wheel}and 
the Breadth to be given | the Eee their Number‘ one be found, 
NOL “ory 
cea 3 Naimnbee! lof Ploit- Boards: + suqeil 
Sp he ENG» OF TOSS, Tout. re x “#3. The 15: 164 17: 18! 19. 20. 


Breadth of thé Float- Boattlatt 
1000, 691.500.377.293. cia age Tab il sea 76. oy 60. 54 ft 


TE 1s Table is elailiied for a: iidins aivided j ieee 1000 equal Parts: 
And the Figures in the fecond Line exprefs the Number of thofe Parts 
to be given to the Height or Breadth of the Float-Board. For‘ex- 
i if we would know how many Float-Boards of two Feet wide a 
0 : Wheel 
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Wheel of ten Feet Radius muft have, you.muft work it by this Rule of J e@. XII. 
Proportion. rari ——~ 
If 10 Feet, Radius of the Wheel propos’d : 
Give 1000 for the Tabular Radius: : . 
What will two Feet,, the Height of the propos’d Float-Boards: _, 
Give for the Number of the ‘Fabular Floats, which, will give the 
. Number, of 200. | a 
Now feek the neareft Number to that in the fecond Line of the Table ; 
and you will find 191, and the Number which is fet over it is 10, namely, 
the Number of Float-Boards to be given to your, Wheel. 
8. Art neceflary, Inftructions being thus given for erecting of Mills, 
whether for grinding Corn, working Manufactures, or raifing Water, 
€c, 1 proceed to give,the Defcription of feveral ufeful Machines pon 
thefe Principles, and begin by giving the Defcription of an Underfhot 
Corn-Mill from Monf, Beldor. 


| OT LON IV ike otf | 
Great many Perfons may, imagine that it is hardly worth while to , 
write about fo common a thing’ as|a Corn-Mill ; but the Common- 
nefS of it fhews its UfefulnefS;: and.therefore I fhall begin without 
any farther Apology. s¢. bldod} 

1. Few People: are ignorant that,Corn, is ground by two Mill-fones. 
plac’d one above. another without touching. . ‘The; lower or nether Miill- 
{tone is immoveable,*but the; upper; ene turns,upon a Spindle. As. this 
laft is fufceptible of feveral Remarks which are commonly overlook’d, 
before we goon we muft take notice of what follows, , 

THE oppofite Surfaces of the two Stones.which act to grind the Corn, 
are not plane orflat, the upper onejis,-hollow, and the under one {wells 
up, each of them being of a conic'Figure, whofe Axis indeed is very 
fhort in proportion to the Diameter of its Bafe; for the firft haying fix 
Feet:in Diameter is hollow’d but about one Inch at its Center, and the ath 
fecond rifes but about + of an Inch: )fo thefe two Mill-ftones come 
nearer and nearer towards their Circumference, which gives the Corn that 
falls from the Hopper room to, infinuate as far, as 3 of the Radius, which 
is the Place where it begins to be ground, and.where it makes the greateft 
Refiftance that it-is capable of : the Space between the Stones being in that 
Place but about 4, or # of the Thicknefs of a Grain of Corn; butas the 
Millers have the liberty of raifing or finking the upper Stone a little, they 
can proportion its Diftance from the lower one, according as they would 
have the Flower finer or coarfer. . 

lii2 2. THERE 
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Let: XI. 2) Turre are two Things to be confider’d in the Effect of a’ Mill- 
——y—— fone that goes round, its Weight, and its Velocity; its Work depending 

on its Quantity of Motion, which here is the Produtt of its Velocity by 

Part of its Mas. Ufay Part of its Ma/ss for as this Stone turns‘upon a 

Spindle, its ablolute Weight is not wholly employ’d in grinding the Corn, 

and it is not eafy to determine what Part has the greateft Share init ; we 
only know that it is always proportion’d to the abfolute Weight ; Expe- 

rience fhewing, that if two Mill-ftones have the fame Velocities, but un» 

equal Weights, their Effects, or the Quantities of Flower ground in the 

fame time, will be nearly in proportion to their abfolute Weights, As 
Millers are oblig’d to chip, or new cut the Mill-ftones‘almoft every Month, 

their Thicknefles, and confequently their Weights, diminifh infenfibly ; 

and’ when they come to have but three Quarters, or Half of the Thick- 
nefs which they had when new, they produce but three Quarters: or 
Half the Flower which they gave.at the Beginning ; this isa Fact’ which: 
all Millers agree in, 

3. Tue Centrifugal Force carrying the Corn towards the Circumfe- 
rence, it is natural for it to be crufh’d when it comés ‘to a’ Place where 
the Interval between the two Mill-ftones is lefs'than its Thicknefs; yet: 
thé’ uppér Mill-ftone having a propping Point! which it'can never quit,: it 
dces not clearly appear why it fhould produce a greater Effect,..asi it ise 
heavier, fince if it’ was always equally’ diftant from the nether Mill-ftone,. 
it could'only be capable of a: limited Impreffion 5- but,:as Experience: 
proves’ the contrary, I have fufpected' that’ in’ the ACtiom ofi:this Stoned’ 
theré'muft be fomething more’than what is ufually ‘taken notice of ;: and! 
that befides its circular Motion, it muft' havea vertical Motions © Ace! 
cordingly, upon examining ‘the’ Matter more nicely, I: foundit<to: be'fo, 
For the End of the Spindle: of the'Mill-ftone’ refts uponan’ horizontals 
Piédé fix' Inches wide; ‘and five'Inches'deep, about nine: Feeto lon@ be-) 
tween’ its Supports’: the : elafick Foree? of this: Piece! givesthe Stonea! 
little Play; or continual’ Motion along a Vertical; which, ' tho’ fmallji may! 
yet be feen diftinGtly : this is the Caufe of it. it brisast 

THE centrifugal Forcé driving, as-P'have° already faid, the Grainsvofi 
Corn from the’ Center to’ the ‘Circumference, in’ making! everyone: of 
them’ defcribe-a Spiral, they get in’ like fmall’Wedges between the two: 
Stones, and caufe the upper one to’rife-a little; then-the’ horizontal: fup* 
porting Piece below being eas’d’ of Part’ of the Weight which? it’ bore; 
ftiffens up, and endeavours to rife up torits natural Situation ;° but a Mo- 
nent after, the Mill-ftone- having crufh’d' the Corn which fupported ‘ity 
the fupporting Piece is bent down again, and‘ fo much the more‘as:the — 
Stone isheavier: the Grains of Corn that we {peak of, and which could 


ony 
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only be bruis’d at fir, continuing to go towards the Circumference, there Lect. XI, 
to’be wholly ground to Powder, are fo much more prefs’d by the Weight -"“v—~ 
of the Stone, as they are {queez’d into.a lefs Space. 

4. As‘itis the circular Motion of the Mill-ftone which brings the 
Corn outiof the Hopper by Jerks, and with a Velocity. depending upon 
that’ ofi the Stone, other Grains are always fucceeding, which raife it 
anew, and the Flower juft made being no longer prefs’d is carry’d away 
into the Boulting Mill by the Circulation of Air that the Mill-ftone puts 
into motion, which makes’ a whirling there. Now. as the two Mo- 
tions which I have explain’d concur in grinding the Corn, I conclude, 
that The Eefects of two different Mill-ftones are in.a Ratio compounded of 
their Velocity and of their Weight’; and that-in general:the fame Effects 
would be much: lef, if the Pivots‘of the Irons {upporting thefe Stones, 
inftead of bearing upon’a f{pringing Piece, had a fix’d Prop: as I: prov’d: 
it by caufing the horizontal Piece to'be wedg’d up at its fupporting Place,. 
fo that the Mill-ftone might have none but an horizontal. Motion ;- and) 
then ‘the Flower prov’d fo eoarfe as'to be fearce feparated from the Bran. 

5, By the Velocity of a Mill-fone is to be underftood the Way de- 
{crib’d by one of the. Points of its mean Circumference, during a certain’ 
Time, and‘ obferve that that Circumference has for’its Radius the two: 
Thirds of that’ of the Mill-ftone. I fhall add, that a Mill-ftone,. at: 
moft, ought’'to go round but 60 times in a Minute, that it may-not heat: 
the: Flower... | ore 

- 6 |F po. not fayany thing of the greater or leffer Surface of the Bafis of 
feveral Mill-ftones of different Diameters ; for provided they have the fame: 
Quantity of Motion, they will always: produce the fame Effect. Itis true, . 
that it appears at firft that of two’ Mill-ftones of the fame Weight, that 
which has the greateft Bafe being able to make an Impreffion upon the 
greateft Quantity af Corn, fhould grind the moft in the fame time;. 
but'this does not happen, becaufe if there was’ equally {pread under thefe 
~ Stones a Quantity of Corn proportionable to theit Bafes, the Weight with: 
which each Grain’ will be prefs’d, will only aét ina‘ reciprocal Ratio of: 
the Squares of the Diametets; that is, each Grain anfwering to the 
greateft Bafe\ will be fo much lefs prefe’d, than each Grain that anfwers: 
to.the leaft Bafe ; asthe Square of the Diameter of this lait will be lefs 
than the’ Square of the Diameter of the firft: yet the fimple Ratio of 
the Diameters does in fome meafure affect the Effect of thefe two Mill- 
ftones, becaufe: their Velocities is in a Ratio compounded of their Radii, . 
and of the Number of Revolutions that they will feverally make in the. 
fame time, . Otis | 
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Le&. XIL 7, Tue Diameter of common Mill ftones is commonly from five to 

u—— feven Feet, and their Thicknefs, 12, 15, or 18 Inches; they laft 35 or 
40 Years, and when they have been ufed a long time, fo that their 
ThicknefS is confiderably diminifh’d, they are cut anew, to give their 
Surface a contrary Figure from what they had before; fo that what was 
the upper Mill-ftone 1s made the nether Mill-ftone, and may ferve many 
Years in that Pofition. 

Here Mont. Belidor goes on with obferving the Manner that he would 
have the Water-get, or Channel for the Water, made where the Float- 
Boards go thro’, viz. that he would have it at firft a little wider than the’, 
Hole of the Ajutage, and then fo clofe to the Floats that receive the Im- 
preflion, as to lofe no Water between; then after pafling the perpendi-» 
cular Float, tofpread and have a great Declivity, to prevent all Hindrance 
from the Back-Water. N. B. This is good where the Wheel is work’d 
from a Refervotr or Collection of Waters; but cannot be praétisd ina 
River. 

I pass over many other Directions and Cautions which he gives ; 
becaufe I have been very full upon them all already ; and proceed to the 
Defcription of the Parts ofan Underfhot Corn-Mill. | Plate 27. Fig. 3. 

8. AB isthe Underfhot Wheel, upon whofe Shaft D is fix’d a Spur 
ot Cog-Wheel (here call’d a Face-Wheel) E, whofe Cogs take the 
Rounds of-the Trundle or Lantern G, which carries round the Mill-- 
ftone in the Hurft, or round Frame I, containing the nether Mill-ftone 
at NN, and the upper at V V ; the Axis fix’d to the upper Mill-ftone 
being the Iron Bar F. . | 

Tuey commonly make thefe fort of Wheels from 12 to 18 Feet im> 
Diameter, the Float-Boards about 23, or 3 Feet broad in their Length, 
with an Height of 10 or 12 Inches. The Shaft 15 or 18 Inches 
Diameter. un 

Tue Cog-Wheel is generally eight Feet Diameter, meafuring fromthe 
middle of the Sole (that is, where the Cogs are put in to take the Rounds 
of the Trundle) on one fide, to the fame on the other. The Sole: or 
Rim of this Wheel muft be made of two Pieces eight Inches thick, crofe’d- 
one over the other, fo as to have a Breadth of eight Inches... This Wheel 
has 48 Cogs four Inches high, and 34 Inches wide, 2 Inches thick atthe 
End, and 23% Inches at bottom, becaufe of the Heel. Their. Root is 
twelve Incheslong, and 23 thick, {quare at top, and reduc’d to an Inch 
and + at bottom, i 

Tue Lantern or Trundle is made of two round Pieces or flat Heads of 
22 Inches Diameter, and four Inches thick, in which are fet nine 
Rounds of two Inches and an half Diameter, and 18 Inches high : the 


Center 
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Center of thefe Rounds is plac’d upon the Circumference of a Circle of Lea. xi 
nine Inches Radius, which muft be taken for the Diameter of the “v= 
Trundle. -The Rounds muft be made of hard Wood, as wild Pear- 
Tree, or Crab-Tree. Thro’ the Trundle goes an Iron Axis 24 Inches 
fquare, and of an Height proportionable to the Situation of the Mill- 
ftones, in refpect to the Pofition of the Cog-Wheel; it muft be well 
faften’d to the upper Mill-ftone, and its Bottom mutt be reduc’d to a 
Pivot of about half an Inch Diameter, which. turns in a Socket let in to 
the Thicknefs of the horizontal fupporting Piece H. The fame Dimen- 
fions are given to the Parts of a Wind-Mill. 
Here follow the Names and the Meafures of all the Parts of fuch a 
Mill, neceflary when we would calculate its Effect, which may be eafily 
done by thofe,who underftand Algebra. 
a—= 8 Feet, Radius of the Water-Wheel. 
6 == 4 Feet, Radius of the Cog-Wheel.. 
¢ == g Inches, Radius of the Trundle. 
== 2 Feet, mean Radius of the Mill-ftone. 
f == + of/an Inch, Radius of the Gudgeons of the Wheel. _ 
A == + of an Inch,-mean Radius of the End. of the Pivot of the: 
_-Mill-ftone, or of the Trundle. 
4p == 200 Pounds, the-Force of the Power that turns the Wheel. 
g == 1305 Pounds, the Friction of the Centers. 
© == 4348 Pounds, the Weight of the Mill-ftone, and the Trundle 
-and its Axis. ck] 5 
x === the Weight equivalent to the Refiftance that the. Mill-ftone 
meets with in grinding the Corn, 
Sucu a Mill as this having its upper Mill-ftone of 6 Foot Diameter, 
and of about 4348 Pounds Weight, and which goes round about 53 times 
in an Hour, may grind in 24 Hours about 120 Septiers of Corn, each 
weighing 75 Pounds, when the Stone is newly chipp’d or peck’d, and it 
jis of a good, Quality; the hard and. fpungy ones being the beft, &c. 
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JERE follows a Defcription of an Engine which plays a Jet at: the: 
Right Honourable the Lord Tinley’s, at W anfiead in Effex, without. 
any Refervoir ; the firft Impulfe being given by Water acting on an Un- 
derfhot Wheel. The Draught and Defcription I had from my ingenious 
and very good Friend Mr. Henry Beighton, of Griff, near Coventry in 
Warwickjbire ; from whom.alfo I have had the Draughts, Defcriptions, 
and Calculations: of: four more Engines ;. and.fome curious Remarks upon. 


Carriages. 
Plate 
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Plt yg Fig. 2 2; 


A Defeription of the Reverend Mr. Holland's Engine at the Lord ° 
Tinley’s, &e. 


a 


AB. Tue Shaft or Axle-Tree of the Engine 24 Foot fone ind 24 
Inches Diameter. 

CCCC. An Underfhot Water-Wheel 30 Foot Diameter ; its Ladles 
18 Inches broad. ‘The Water-way 18 Inches broad, and ‘12’ deep. The 
Fall 7 Foot. 

DEFG. Four moveable Rings or Collars placed onthe Shaft, as 
are particularly defcrib’d in Fig.4. of Plate 28. 3 Foot Diameter, 6 
Inches broad. 

HIKL. Four Forcers, rifing and fillinw alternately by means of 
thofe Collars having four Chains faften’d to the Collars, and the ‘Tops of 
the Forcers as W X YZ reprefents, The Forcer L is cut off;-to fhew 
the Chain more plain. As the Collar G moves (with the Wheel ‘and Axis) 


half round towards you, the Chain Z fix’d at one End to'the lower'Part 


of the Collar G at 2, and its other End at the ‘Top of the.Forcer'L/1, 
will pull down the Forcer'L 1 4+ Foot; and at the fame time-a Chain 
1 fix’d to the Head of the Forcer L1, going over a Pulley R, and to 
the Head of K, pulls up that Forcer K-43 Foot ; by which time the Collar 
G will have carry’d its Trigger 2 up to the Bar 1,2, which will unlock 
its Trigger, and the ‘Trigger 3 in the Collar F will be brought back- 
ward down to Y, and there lock the Collar F. Then the Movement 
continuing K, will be deprefs’d 4+ Foot, and the Chain 1, «1, over the 
Pulley R ill raife L 4% -Foot. ‘And thus thefe two Forcers and Collars 
continue tifing and ‘falling, gg: forwards and sprees avers and ) 
unlocking alternately. 

Anp in like manner the’other two Collars ‘Diand- E move: with their 
Forcers H and I. 

Bur to prevent one Collar’s: moving the backward way, fafter than 


‘the other moves forward ; ‘there isa Gauge-Chain 4. fix’d to the CollarG, 


pafling over another Pulley T to the Collar Fvat ‘5, which regulates their 
Motions, Thefe Chains:areilengthen’d or fhortent d) by Screws, as occafien 
requires. 

“MNOP. Four Brafs Cylinders, or Poms, 5 Foot long ; the Botes 
of M and N 6 Inches Diameter, and OP,»74; having at "/1 /-each a 


‘Valve below, which are: for. taking i in the Water; and at wm min, Valves 


in the Louenea Parts. | 
I THE 


Mr, Hourann’s Engine at Lord Tiseey's. 433 


Tue Branches mv, m7, communicate the Water of their two Forcers Lect. XH. 
together by vm, and fo into one Pipe 0. Then Os join’d to o coming =I 
from the other 2, fo the whole Water is forc’d along one Pipe, 

Wuicu makes a Yet d’Egu of 70 Foot, and raifes the Water tq the 
Houfe above 70 Foot perpendicular. loom “I 

Forcinc up about 95 Hogfheads per Hour to the Fet day, and 
47 to the Garden, gh are two Cifterns fupply’d by a Pipe in p, to keep 
the Forcers or Piftons always wet. 

abcde f is a Frame of Wood to carry the Pulleys QRS, and the 
Bars 47, 2. | 
- Tue Water-Wheel goesabout 5 times perMinute to work theWater to 
the Houfe; and but 3 times whenthe Water is rais\d 80 Foot to the Gardens. 
One Turn of the Wheel makes 4 Strokes, wiz. cach Forcer 1 ; A.6 Inches 
Bore holds in 44 Foot —- 4.5 Ale.Gallons. sh 

< 12.5 
12.5 
One Revolution of theWheel'2 5.0 — 
Times per Min. 4 
“100.0 
60 Gallons per Hour. 
63) 6000 (95.3 Hogtheads per Hour. 
rons eae 


Tue Lock, Plate 28. Fig. 4, and 5. | 

ABCD. An ‘Iron Plate about 21 Inches long, and 5 broad, and near a 
‘Quarter of the Circle of the Collar. “i 4 

“Ee. ‘Tue Catch:or'Tumbler, turning on a Center-Pin at E, about 1,1 
‘Inches long. | 

F. Tue Holder on.a Center-Pin at F; the End Ef, 3 -Inches long, 
and Fg, 7 Inches. 
G. Tue Trigger, witha Shoulder at g to hold F in its Place, 8 Inches 

ong. ; 

_ <H..A Serine. placed under it to.throw.the End g into its Notch at, 
or Shoulder in G. | : 

D. Ar-Dis a Stop to keep-Ee, from. turning too; far, fo as juft to 
take,in the Holder F atiofi — ! 

Over all this is put another Platedike A.B CD, which is {crew’d down 
at I, 2, 3,4, 5, &c. and the Sides aaaa keep the Plates at a due Dift- 

WoL. i: Kkk tance. 
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Le&. XII.tance. In the upper Rim is a fliding Plate with a Spring, to keep G in. 
any Pofition it is placed. 


Plate 28. 
Fig. 4. 


-Tuis Lock is placed within-fide of the Collar, as may be reprefented 
in the Part cut off, in the Cavity CA, from whence the Handles e and 
G have liberty to turn out at the Edge of the Collar at the Slits or Grooves 
b and 27. \ 

Tue Collars are made of four circular Pieces of Wood, jointed together _ 
like Felloes ina Wheel, 8 Inches deep and 6 broad. On the Sides of 
which are Plates of Iron as &, /, m,”, with Screw-Pins, that faften it to- 
gether when it is put into the Notch of the Axle-Tree a, 4, Fig. 3. - 

In the fourth (Fig. 5.) Place of the grand Axle-Tree (at two Foot dif- 


_ tance each) are Notches cut out 6 Inches broad and 14 deep, quite round 


as ab, a,b. In the middle‘of which is a Notch 14 Inch broad and: 2 
deep, quite round as c,d; having a Staple or Pin as d, ftanding in it fo 
that the Catch E may make one half round before it takes hold of the 
Staple. | 


The OPERATION. Plate 28; Fig. 4. 


As the Axle-Tree of the Wheel is carry’d round from ¢ towards D 
the right Hand, the Catch E having hold ot the Pin in the Axis at d,. 
carries the Collar along with it; but fo foon as the Trigger G comes to. 
the Beam I, it unlocks it from the Notch g, the other End of the Holder 
flips out at f, releafing the Catch, and e flies to the Pofition of & So. 
the Axte-Tree goes forward without the Collar, which having done half 
round, and the Collar pulled retrograde half round (by a Chain from: the 
next Collar) & paifing back under the Beam I is deprefs’d to the fame 
Pofition it was at e ; fo when G is come to the Beam K below, the Trig- 


iger is {truck into its former Place, and is faft lock’d, by which time the 


Staple at d has hold of the Catch again, and go on together as far as I, 


where it unlocks again. 


In this manner all the four work 2 and 2 alternately. 


Remarks on Holland’ Engine. 


Tre Method of raifing and falling the Forcers, is what I have not 
met with in any Treatifes of Engines, | i 

Tue Locks and Collars are fo curioufly contriv’d, and the Chains fo 
nicely adjufted, that there’s little or no fhock at the taking and leaving, 
which fuch like Works are fubje to. 
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Remarks on FAOLLAND’S Engine. 


The ERRORS. | 
1. THe Motion is fo very flow, that a great deal of Water muft flip 
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by the Forcers, unlefs they are very ftreight-leather’d, and then there are 


great Frictions. ; 

2. Tue lower Parts of the Cylinders or Pumps are fo {mall, that there’s 
a great Friction in receiving or filling the Pumps. | 

3. Tue Water in the two 7 Inch Bores or two 6 Inches is all forced 
through a Pipe of lefs than 3 Inch Bore: So the Fridtion mutt be pro- 
digious great. 

For he Gabe == 85, and 3x3==9; fo the Quantity 85 muft 
be forced or, Wire-drawn thro’ g, and in proportion as g to 1.. And this 
Engine might draw double the Quantity if the two laft Errors were a- 
voided, and if its Velocity was increas’d 

95 doubled == 190 Hogfheads per Hour doubled, 
: == 380 per Hour. | 

Bur for the Jet, it is requifite to force all through a narrow Pipe, or 
Adjutage. “A Wheel weil made of 18 or 20 Foot high with the fame 
Stream would draw almoft double the Quantity of Water: 

Tuis Method of Holland’s is not in any refpect capable of drawing 
more Water than the common triple Crank-Works, or any Sliding or 


Bob- Work, 


| The Velocity of the Water and Wheel, 


Tue Aperture 18 In. broad. ‘The Fall of the Water about 7 Foot == 
| 84. Inches. | 
12 deep. A heavy Body defcends 84 In. in 40”. 


216 fquareIn. In which time a Column double that 
vets Height will flow out. 
If 4014 Foot — 1 Min 


fe) 
60 
3600 —— 


The Circumf. of the Wheel 94 Foot 
—_ 3600 at the beft goes 5 times round per M. 
40) 50400 (1260 Foot perM. ey ery 


, | 440% 3 
470) 1260 (2.68 So the Velocity of the Wheel to the Velocity of the 
Water is as 1 to 2.68. | 
Or the Velocity of the Wheel is fcarce + of the Water. 


Kkk 2 W ater 
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Le&. XII. . | 
eS) Water expended on the Wheel. 
Arga ofthe Aperture 1,5F, This Engine raifes perH, 9 5) 10800( 813 
1260. Hogfheads. 
——— Sothere is expended 113 times as much. 
Cub.FootWat.perM. 1890 as it draws. 


Gallons ina Foot 6 
63) 11340 Fo AteuGallons per Min. 
(180 Hogtheads per Min. 


10800 — per Hour. 


Force or Power of the Water. and Engine: 
Area Apettore’1.5 “Two 7 Inch Bores 70 Foot high Water weighs 
Height Pillar 14 23001. 
Cub, Foot— 210,0 == 20 hundred Weight 
in a Foot 6 Gal. 
326 Gal, _1.7 Radius of the Collars. . _», . 
1 Gal. weighs rol. Aver. 34,0 divided by the Radius of the Wheel ie 
112) 1260 o(at 1 Hund, gives 2 bund. 3 


But in Underfhot Wheels + of that Gre ws Broke east loft, or se 1) 
The Ladlés do not ‘ill the Paflage ; 3 (2) The Ladles or ‘Paddles do not. 
ftand clofe to the Apertures. 

Then 3) 11 Hund. (3,6 deduat from.11 remains. 7,4 Hund. 
‘The Refiftance at the Paddles 2 38255 
‘Remaitts overplis “4,9 bund, Weicht;. 

for the Friction and Velocity ofthe Engine ; which Friction is. very great: 
in foreing the Water of 7 Inch Bores hiro? 3 Inch Pores, as is obferved? 
before onthe lat ‘Side; Hnttor 3. 

N.B. Some farther Remarks: sifidhine upon this is Engine will be found: 

# Ann 2. in the Notes.*. 


Section VI. 
HIE. next Machine is the London-Bridge Water-Works, drawn and: 
deferib:d wath. proper Animadverfions, sby the fame curious Gen- 
Peoan 


A Defcription of the Water-Works at London-Bridge, explasning the’ 
Draught of Plate ag. By H. Beighton, F. R.S. 
Tu Wheels ase placed wnder the Asches -of London-Bridge,. and 
mov'd by the common Stream of the Tide-Water of the River Thames. 
| 
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AB the Axle-Tree of the Water-Wheel, 19 Feet long, 3 Feet Dia- Led. XIf, 
meter, in which C,D,E,F, are four Sets of Arms, eight in each Place, ett A eee 
on which are fixed G GGG, four Rings, or Sets of Felloes, in Diameter 
20 Feet, and the Floats HHH, 14 Feet long and 18 Inches deep, being 
about 26 in Number. 7 

Tue Wheel lies with its two Gudgeons, or Center-Pins AB, upon 
two Braffes in the Pieces MN, which are two great Levers, whofe Ful- 
erum, or Prop, is an arched Piece of Timber L ; the Levers being made 
circular on their lower Sides to an Arch of the Radius M O, and kept 
in their Places by two arching Studs fixed in the Stock L, throngh two 
Mortifes in the Lever MN. : 

Tue Wheel is, by thefe Levers, made to rife and fall with the Tide, 
which iis performed in this manner. ‘The Levers MN are 16 Feet long;. 
from M, the Fulcrum of the Lever, to ‘O the Gudgeon of the Water-- 
Wheel, 6 Feet; and from © to the Arch at N, 10 Feet.. To the Bot- 
tom of the Arch N is fixed a {trong triple Chain P, made after the fafhion 
of a Watch-Chain, but the Links arched toa Circle of one Foot Dia- 
meter, having Notches, or’'Teeth, to take hold of the Leaves of a Pinion: 
of caft Iron Q , 10 Inches Diameter, with eight'Teeth in it moving on: 
an Axis. The other loofe End of this Chain has a large Weight hanging. 
at it, to help to counterpoife the Wheel, and preferve the Chain from. 
fliding on the Pinion, On the fame Axis is fixed a Cog-Wheel R, 6 
Feet Diameter, with 48 Cogs. ‘To this is applied a Trundle, or Pinion. 
S, of fix Rounds, or Teeth; and upon the fame Axis is fixed T, a Cog- 
Wheel of 51 Cogs, into which the Trundle V, of fix Rounds, works ; 
en whofe Axis is a Winch or Windlafs W, by which one Man, with 
the two 'Windlaffes, raifes or lets down the Wheel as there is occafion. 

Anp becaufe the Fulcrums of thefe Levers MN, are in the Axis of 
the Trundle K, viz. at M or X, in what Situation foever the Wheel is: 
vaifed or let down, the Cog-Wheel II, is always equidiftant from M, and. 
works or geers truly. f 

By means of this Machine the Strength of an ordinary Man will raife: 
about fifty Ton Weight. 3 

JI, isa Cog-Wheel fixed near the End of the great Axis, 3 Feet 
Diameter, and 44°Cogs working into a Trundle K, of 44 Foot Dia- 
meter, and 20'Rounds, whofe Axis or Spindle is of caft Iron 4 Inches in. 
Diameter, lying.in Brafles at each End, as at X. 

ZZ is a quadruple Crank of caft Iron, the Metal being 6 Inches. 
{quare, each of the Necks being turned one Foot from the Center, which 
is fixed in Brafles at each End in two Headftocks faftned down by Caps. 
One End of this Crank at.Y is placed-clofe abutting to the End of ‘si 

Axle- 
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Lett. XU. Axle-Tree X, where they are at thofe Ends fix Inches Diameter, each 
“—Y~~ having a Slit in the Ends, where an Iron Wedge is put, one half into 
the End X, the other haif into Y, by means of which the Axis X turns 
about the Crank Z Z. . 

THe four Necks of the Crank have each an Iron Spear, or Rod, fixed 
at their upper Ends to the refpective Libra, or Lever, @ 1, 2, 3,4, within 
three Foot of the End. Thefe Levers are 24. Feet long, moving on. 
Centers in the Frame 64443 at the End of which, at ¢ 1, 25 Bats rate 
jointed four Rods with their forcing Plugs working into d1, 2, 3,4, four 
caft Iron Cylinders four Feet three quarters long, {even Inches Bore above, 
and nine below where the Valves lie, faftned by fcrewed Flanches over 
the four Holes of a hollow Trunk of caft Iron, having four Valves in it 
juft over eeee, at the joining on of the Bottom of the Barrels, or Cylin- 
ders, and at one End a fucking Pipe or Grate J; going into the Water, 
which fupplies all the four Cylinders alternately, ) 

From the lower Part of the Cylinders d 1, d2, 43, d4, come out 
Necks turning upward Arch-wife, as gg &g, whofe upper Parts are caft 
with Flanches to {crew up to the Trunk 45444; which Necks have 
Bores of 7 Inches Diameter, and Holes in the Trunk above communi- 
cating with them, at which Joining are placed four Valves. The Trunk 
is caft with four Boffes, or Protuberances, {tanding out againft the Valves 
to give room for their openiag and fhutting ; and on the upper Side are 
four Holes ftopped with Plugs, to take out on occafion, to -cleanfe the 
Valves. One End of this Trunk is {topped by a Plug 7, To the-other, 
Tron Pipes are joined, as 72, by F lanches, through which the Water is 
forced up to any Height or Place required, ! 

Besines thefe four Forcers, there are four more placed at the other 
Ends of the Libre, or Levers (not fhewn here to avoid Confufion, but 
to be fcen on the left’ Hand) the Rods being fixed at @ 1, 2, 3,4, work- 
ing in four fuch Cylinders, with their Parts dd, @c. ¢ Cn Ss, TL seh BD te 
as before defcribed, {tanding near 2 &, 

Av the other End of the Wheel (at B) is placed all the fame Sort of 
Work as at the End A is defcribed, viz. 

The Cog-Wheel _ I. The four Levers ac, ac, &ec. 
The Trundle K, 8 forcing Rods ad, ad, &c. 
The Spindle X. 8 Cylinders de, de, &e. 
Whe Crank’ he 4 Trunks, fuch as ee, bh. 
The fucking Pipes f. 2 forcing Pipes, as 2. 
So that one fingle Wheel works 16 Pumps. 3 

ALL which Work could not be drawn in one perfpective View, with- 

out making it very much confufed, ) | 


A 


WaATER-W oORKS at London-Bridge. 


A Calculation of the Quantity of Water raifed by the Engines at 
London-Bridge. 


In the 1ft Arch next the City is one Wheel with dou- 
ble Work of socom —_—_— sae 16 Forcers. 
1ft Wheel double Work at one End, and 
In the 34) fingle at. the other —_ — pitta 
Arch )2d Wheel in the Middle ett 8 
| 3d Wheel —_  — — 16 
In all 52 Forcers, 
One Revolution of a Wheel makes in every Forcer +-- 2+ Strokes, 
So that one Turn of the four Wheels makes —— 114 Strokes, 
WHEN the River is at beft, the Wheels go fix times 
round in a Minute, and but 42 at middle Water-—— 
Tue Number of Strokes in a Minute — —j0o4 
Tue Stroke is 23 Feet in a 7 Inch Bore, raifes 2% 
They raife per Minute 205 3 Ale Gall. 
THAT is, 123120 Gallons == 1954 Hogfheads per Hour, and at the 
rate of 46896 Hogfheads in a Day, to the Height of 120 Feet. 


- Tus is the utmoft Quantity they can raife, fuppofing there were no 


Imperfections or Lofs at all. | 

But it 1s certain from the Confiderations following, that no Engine can 
raife fo much as will anfwer the Quantity of Water the Cylinder contains 
in the Length of the Forcer, or Pif/ton’s Motion. For, 
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Firft, Tur opening and fhutting of the Valves lofe nearly fo much. 


of that Column, as the Height they rife.and fall. 

Secondly, No Leather is ftrong enough for the Pifton, but there muft 
continually flip or {queeze by fome Water, when it is raifed to a great 
Height; and when the Column is fhort, it will not prefs the Leather 


enough to the Cylinder, or Barrel: But efpecially at the Beginning, or 


firft moving of the Pifton, there is fo little weight on it, that before 
the Leather can expand, there is fome lofs, ‘ 

Thirdly, Anp this Lofs is more or-lefs, as the Piftons are loofer or 
ftraiter leathered. 


Fourthly, WHEN the Leathers grow too foft, they are not capable of . 


fuftaining the Pillar to be raifed. 7 7 

Fiftbly, Ir they are leathered very tight, as to lofe no Water, then a 
great Part of the Engine’s Force is deftroyed. by the Friction. 

By fome Experiments I have accurately made, on Engines, whofe Parts 
are large and excellently performed, they will lofe 2 and fometimes + of 
the calculated Quantity. However 


ee 
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Leet. XI. However the Perfections or Errors of Engines are to be compared 
Ly together, by the calculated Quantities of Forces; for as they differ in 
thofe, they will proportionably differ in their actual Performances. 


The Power by which the Wheels are moved. | 
Tue Weight of the Pillar of Water on a Forcer 7 Inches Dia- 
meter, and 1206 Foot high 
4% 7 == 4otb. The Pounds Avorrdupoife in a Yard nearly. 
46 Yards high. 
Ig60%b. on one Forcer. 
_ 8 Forcers always lifting. | 
The whole Weight 15680. = 140 Ct. == 7 Tun Weight on the En- 
gine at once. — 
Tuen the'Crank pulls the Zidra 3 Feet from the Forcer, and 8,3 
Feet from the ‘Center, 
7 Tun 
x 11.3 
8,3) 79.1°(9,5 Twn on ‘the'Crank Tun. 
| - Wallower 2,2)9,5 (4,3 on Trundle. 
The Spur Wheel 4 - 


ee 


The Radius of the ‘reat Wheel 10) 1752 C 72 Tun. 
\ 20 


The Force ‘on the Floats 18 Cr. 40 b. 34,40 Cf : 
~ Bur to‘allow for Friction and Velocity, may be reckon’d 1'Tunt. 
Tue Ladles or ‘Paddles 14 Foot long, aan , £ s 

Trichies deép ys i. © (== 12254 tquare Feet. 


THE Fall of Water is at a Mean— — 2 Feet. 
. 44,8 D. Gh 
6 Gal. in a Cub. Foot. 
)268,8 
‘yo, ib. in:a.Gallon. 
112) 2088. (24:Hundred. 
The Velocity of the Water,*4 Feet in 21” of Time. | 
21" —4Ft. :: — 60": == 685 Feet per Minute. 
Tire Velocity of the Wheel == 310 Feet per Minute. 
QuaANTITY expended on the Wheel, according to the Velocity of the 
Stream ‘14.3 3'Hogfheads per Second. ’ 
Bur at the Velocity ofthe Wheel 645 Hogfheads. per Second. 
‘Tu Velocity of the Wheel 'to the Velocity of the Water, as 1 to 2,2. 
| Some 


Plate Xxx. | | Bee, EE ee front! 7.4 40. 
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WaATER-WorKs a London-Bridge. 


Some Ob/ervations on thefe Water-Works. 

ALTHOUGH they may juftly be efteemed as good as any in Ewuroje, 
yet are there, as I conceive, fome Things which might be altered very much 
for the better. { : 

Firft, Ir inftead of 16 Forcers they worked only eight, the Stroke 
might be five Feet in each Forcer, which would draw a great deal more 
Water with the fame Power on the Wheel ; for then there would be 
but half the opening and fhutting of Valves ; confequently but half that 
Lofs: And a five Feet Stroke draws above double the Quantity of two 
Strokes of 2 4 cach, by near 4, in regard the Velocity is double, which 
is the moft valuable Confideration in an Engine, where the Pipes will 
fuftain fuch Force. 

Secondly, ‘The Bores that carry off the Water from the Forcers are too 
fmall, there being (nearly) always two Pillars of feven Inches Diameter, 
forcing into one Pipe of the fame Diameter, and 7 x 7 == 49 + 49 ==98. 

THEREFORE thofe Pipes of Conveyance fhould be near nine Inches 
- Diameter. 


| The Perfections of the Machine. 

Tue Timber-work is all admirably well performed, and the Compo- 
fition and Contrivance, for Strength and Ufefulnefs, not exceeded by any 
I have feen. 

Tue caft Iron Cranks are better than wrought ones, by reafon they 
are very {tiff, and will not be ftrained, but fooner break ; and befides 
they are cheap, and new ones eafily put in. 

Tue Wedge for putting on or releafing the Crank and Forcers, is 
better than the fliding Sockets commonly ufed. 

Tue forcing Barrels, Trunks, and all their Apparatus, are very cu- 
rioufly contrived for putting together, mending, altering or cleanfing, 
and fubject to as little Friction as poffible in that Part. 

Tue Machine for raifing and falling the Wheels is very good, though 
but feldom ufed, as they tell me; for they will go at almoft any Depth 
of Water, and asthe Tide turns, the Wheels go the fame Way with it. 

Tuese Machines at London-Bridge are far fuperior to thofe fo much 
famed at Marly in France, in regatd the latter are very ill.defigned in 
their Cranks, and fome other Parts. : 

H. Beighton, F.R.S. 


AAT 
Leét. XIT, 
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I sax add a few more Remarks :to what my Friend has faid con-* Am. 3- 


cerning thefe Water-Works in the Notes *. 
Veit. I. op We fe SECT HON 
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~The MacHINE of Marly. 


Secrion VII, 


poHe Machine at Marly to raife Water for the King of France's 
Gardens at Verfailles being fo much talk’d of, on account of its 
prodigious Largenefs, Number of Parts, Expence of erecting it at firft, 
and maintaining it yearly ; and, ina word, of its Magnificence: I could 
not omit giving an Account of it here, which I have done from Mon/: 
Belidor. 


The MacuinE of MARLY. Plate 30, and 31. 

One Rannequin of the Country of Lzege, a Man of an excellent Ge- 
nius for Mechanicks, was bold enough to undertake to bring Water in: 
as great Plenty to Marly and Verfazl/les, as if thofe Places had been full 
of original Springs. ‘The Machine or Engine which he made .ufe’ of for 
that Purpofe, began to work in the Year 1682. It is faid that it. coft 
above 80 Millions of French Livres, (about four Millions of Pounds Ster- 
ling.) Ihave for a great while been unwilling to give an Account of it 
in this Book, by reafon of the Difficulty of defcribing it exaCtly, and hav- 
ing a good Draught of it. Befides, the Management of it being fo ex- 
penfive, itappear’d to me to be a ridiculous thing to give it as a Model 
to {uch as read my Book to find the means of raifing Water: but then 
confidering that this Machine being famous all over Europe, I thought it 
would be a Satisfaction to the Curious to have particular Defcriptions of 
every Partofit. Befides, feveral Pieces of it may be very ufefully copied, 
and many ingenious Contrivances not to be met with elfewhere may be 
taken from it. = 

“or a longtime I fought in vain for the feveral Plans and Profils of 
this Engine, and all its Parts, knowing it muft be a tedious piece of 
work to goupon the Place, and take them mylelf; but at laft I was fo 
happy as to meet with a Friend that had them, and was fo kind as to 
communicate them tome, That I might be fure that they were exadt, 
and to give an exact Defcription of them, I went tothe Machine, where 
{ {pent eight Days in viewing and examining it, and Mr. de ’E/pine 
the Comptroller of it explain’d to me every thing that I wanted’ to 
know. 

Tuis Machine is fcituated between Marly and the Village de Ja 
Chauffée: in that Place the River is barr’d up partly by the Machine, 
and partly by a Dam which keeps up the Water; but not to interrupt 
the Navigation, two Leagues above Marly a Canal has been cut for the 
pafling of the Boats and Barges: there has allo been erected 30. or 35 
Fathom irom the Machine a Contrivance call’d an Ice-breaker, to prevent 


. floating 
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floating Pieces of Ice or Timber coming down the Stream from da-Le&. XII, 
maging the Machine; and the better to fecure the Penflocks, and the S“"~~—™ 
Gets or Channels in which the Wheels move, there is a Grate of Timber 
to ftop whatever may come thro’ the Ice-breaker. 
‘Tue Machine has 14 Wheels, which all ferve to move the Pumps 
which force the Water up to the Tower at the Top of the Mountain, 
where coming out of feveral Pipes it unites to run into an Aquedua, 
which conduéts it to the Refervoirs that receive it: and as it is fufficient 
to underftand all that belongs to one of thefe Wheels, to judge of the 
Effect of the reft, (which to defcribe would be only a Repetition of the 
fame Things) I fhall here explain one, Piece by Piece,not to take in too 


much ata time. 


Plate 30. 

Tue firft Figure of Plate 30. reprefents the Plan and Profil of one Plate 30. 

of the Wheels of the Machine, and of the moft general Parts belonging ena? 
to it, from the Wheel to the Aqueduct. This Wheel, Plate 30. Fig. 
2. has a Get fhut up by a Sluice or Penftock, as ufual; its Motion pro- 
duces two Effects, the firft is to work fucking and lifting Pumps, which 
raife the Water thro’ the Pipe 3 to an Height of 150 Feet into the Cifern 
4, diftant 100 Fathom from the River: the fecond is to move the Regu- 
lators 5 and 6, which work lifting Pumps placed in the Building 7 and 8. 
- Thofe that anfwer to the firft Ciftern 4, take the Water that has been 
rais\d up to that Height, and force it thro’ the Pipe ro into the fecond 
Ciftern, 175 Feet high above the firft, and 324 Fathom from the Ri- 
ver: from thence the Water is taken up anew by the Pumps which are 
in the Building 8, which force it thro’ the Pipe 11 up to the Platform of 
the Tower 12, which is 177 Feet above the upper Ciftern, and 502 
Feet above the River, from which it is diftant 614 Fathom: from 
thence the Water runs naturally inan Aqueduét, by the Fall given to it, 
to the Grate of the Caftle of Marly, whence it defcends to the great 
Refervoirs, which diftribute it to the Gardens and Groves. 

Ar firfta Ware was made on the River as folid as poffible with Piles 
and Planks, fapported with Mafons Work, as is done in like cafes; fee 
the third and fourth Figures. Fourteen Feet above this Ware is built a 
Floor or Bridge, to faftain the Pumps and all that belongs to them, as 
one may judge by the fecond Figure, which fhews that the Arbor or 
Shaft of the Wheel has two Cranks 13 and 14. ‘This laft takes a Leader 
15, which cannot fo well be diftinguith’d as in the third Figure, whofe 
Pieces you muft compare with the fame in the fecond. At each Turn 
of the Crank this Leader gives a vibratory Motion to the Regulator 16 on 
Bilhie its 
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its Axis. Fo this Regulator is fix’d another Beam hanging 17, which is 
faften’d to the Regulator 18, at the End of which are two hanging 
Pieces 19, carrying each of them four Piftons, which work in four 
Pump-Barrels, mark’d in the Plan by the Number 20. 

Wuew the Crank ra, and the Regulator 16 raife the Beam 17, the 
Piftons which anfwer to the left of the Balance bring up the Water by 
the Pipes 21, which dip into the River, while thofe on the other fide 
lift it up into the Pipe 22, whence it goes into the firft Ciftern 5 and 
when the Crank draws towards its Center the Regulator 16, the Regu- 
lator 19° inclining in a contrary Direction to what it did before, the 
Piftons on the left lift up, and thofe om the right fuck ; and this is con- 
tinu’d alternately. 

To prevent the Air from infinuating itfelf into the Pump-Barrels, and 
to prevent the Leathers of the Piftons from leaving any Vacuity, to each 
Engine (or Affemblage of Pumps) has been added, independent of the 
cight lifting Pumps, a fucking Pump call’d a Feeder, to keep a Bafon 
23, at the Height of the Top of the Pump-Barrels, always full of Water: 
fo, that one of the hanging Pieces 19 carries a fifth Pifton. 

Tue Crank 13 gives Motion to the Pumps of the firft and fecond 
Ciftern; and bow that is done: you muft confult the fourth and fifth 
Figures, with relation to the fecond : there you will fee that the Crank 
gives a vibratory Motion: to the Regulator 25, by means of the Leader 
24, which draws to itfelf, then. puthes: forward the End 30. ‘This Re-- 
gulator moves two others horizontally, which are plac’d below the Num- 
bers 28 and 29, by the Motion communicated to them from the Leaders 
26, 27, which pufh or draw the upper or lower Regulator, according. 
to the Pofition of the Crank, 

One may fee on the Plan how the Regulator 29 can move upon ifs: 
Axis 32, and that at the End 31 there is a Chain 31, 33, which may 
be look’d upon as making Part of the Chain 34, 35, exprefs'd in the. 
fixth Figure: likewife the Regulator 28, which cannot be feen upon 
the Plan, but which is like the lower one, anfwers alfo toa Chain which 
makes Part of the other 36, 37; thus thofé two Chains are alternately. 
pull’d by the Regulators 28.and 29, to caufe the Pumps of the Cifterns: 
to work. Thefe are fuftain’d by the Balances 38, fix’d at every 18 Feet,- 
having thro’ them Center-Pins, which bear upon the Piece 39 laid on-the 
Blocks of the Props 40. 

Tue fixth Figure is a Profil, which may be common to the firit 
and fecond Ciftern, but rather belongs to the fecond than the firft; be- 
caufe the Chains end at the Regulators 42, 46; but only pafs thro’ the 
firft, after having put in motion the Pamps that are iit, 

WHEN 
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Wuen the Chain 36, 37, draws to itfelf from right to left the Re-Leé. XII. 
gulator 42, that Regulator lifts the Frame 45 fufpended at the End 43, ——“-~ 
having three other Frames 44. that carry the Piftons which lift the Water’ 5° 
in the Pump-Barrels 50, 51. When this Chain ceafes to be extended, 
and the lower 34, 36 is drawn, then the Weight of the Frame 45, and 
that of the Frames and Piftons, caufes the End 43. of the Regulator 42, 
to defcend, and the Water rifes in the three Pump-Barrels of that En- 
gine: onthe other hand, the End 48 of the Regulator 46 lifts the Frame 
49, and the Piftons which are‘ fuftain’d by the Frames 4.2 lift the. Water 
in the three Barrels of this econd Engine, which, likethe firft, join to 
the Pipe 50, 51. 

Avi thefe Pamp-Barrels are kept unmoveable by Iron Bars that em- 
brace them, as may be feen in the Plan of the Ciftern. I mutft add, 
that the Pumps which the Crank 13 caufes to move in the firft and {e- 
cond Ciftern, raife Water in their Well without having any thing com- 
mon with the Engines of the other Wheels ;. that is, that at the Level of 
the Buildings 7 and 8 in the firft Figure, there isa Bafon which takes up 
almott the whole Contents of it to make Wells or Cifterns, in each of 
which are fix inverted Pump-Barrels, whereby the Water is only rais'd 
when itis thought neceflary ; and if any thing is to be repair’d im the 
Engines I have lately defcrib’d, the Cifterns may be let dry, and Work- 
men go down into them without difturbing the working of the other: 
Pumps. ~ 7 ( 

Iw order to. draw the Frames eafily. out of their Cifterns, when any 

thing is to be repair’d, a good Contrivance is made ufe of; atthe Place 
53 is an Axle with a Rope, at one of the Ends of which Axle is a Wheel 
with Teeth, with a Catch to hinder the Rope from unwinding more 
than you would have it: the Rope goes over a Pulley 54, and terminates 
at the Block of another Pulley 55, which may flide from one End to the 
other of the Beam 60, 60. Over this fecond Pulley runs another Rope, 
tothe End of which is fatten’d the double Hook 56; this Rope after- 
wards goes over the Pulley 57, and thence terminates at the Axle of a 
Wheel 58, whofe Teeth are taken by the Rounds of a Lantern 59, 
which is cartied round by an Handle: by this means one may place the 
Hook over againft the Place where you would have it rife or fall upon 
occafion. | 

As the Pumps which are over the River, and thofe of the Cifterns - 
are drawn too finall in the Figures above-mention’d, for diftinguifhing 
their Piftons and Valves; they are drawn in large upon the 3 1ft Plate, to: 
make them ‘the more intelligible ; as are alfo drawn feveral other Pieces » 
that Tam going to explain. 

THE 
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. Tue zoth Figure thews the Infide of one of the eight fucking and — 


‘lifting Pumps, which ‘are moved by the Crank 14 of the fecond and 
third Figures: when the Pifton 62 rifes, the Water of the River is 


drawn up by the fucking Pipe 63, opens the Valve 64, fills the Cavity: 


65, and Part of the Pump-Barrel 66; and when it comes down, it 
preffes'the Water which was rifen in the Pump-Barrel’to drive it into the 
Cavity 6 5, and the Water which is there endeavouring to efcape every 
way, does again fhut the Valve. 64, and open that at 67 to go up into 


the Pipe 68 ; and when the Pifton fucks, that Valve huts, and the. 


Clack 64 opens again. 


ae 


Tue Outfide of this Pamp is reprefented by Fig. 19, which thews : 


in what manner the Pipes are faften’d by Flanches and Screws. The 
Pipe 69 is re-united to that of another Pump, each of them joining with 
another Pipe mark’d A in the third Figure, having an Elbow at B to 
join with the Pipe 22, which has four Branches, two at the right, and 
as many on the left; the little Circle that you fee over N° 22, thewing 


the Circumference of that Pipe ; confequently the eight Pipes 69 when. 


te-united make but four, and thefe four again unite into one, which re- 
ceives the Water of the eight Pumps to convey it to the firft Ciftern, 
As to the fucking Pump that we have call’d the Feeder, and which feeds 
the Bafon that anfwers to the Orifice of the eight Pomp-Barrels ; its In- 


fide is reprefented by the 16th Figure, and has nothing’ particular, its. 


Pifton 70 being pierc’d like that of common. fucking Pumps, having a 
Valve to retain the. Water. which it raifes, and a Clack 71 to hinder the 
rais'\d Water from falling back. “All the Pump-Barrels which I have de- 
{crib’d, together with their Pipes, are made of Pot-metal, except . the 
fucking Pipes 63 and 72, which are of Lead. tan . 
Tue feventh Figure fhews the Infide of one of the lifting Pumps of 
the firft and fecond Cifterns, whereby it appears that each Pump-Barrel, 
fuch as 73, is carried by Iron Bars feen in Profil at 74, and that other 
Bars 75 hinder thofe Pump-Buarrels from being rais’d up by the Pifton 
when it makes its lifting Stroke: you fee alfo that the Rod 76, which 
carries the Pifton, is faften’d to two Crofs-Pieces of the Frame 77, and 
that that Frame and the Pifton rife and fall with the other Frame 45: at 
the Places 78 there are Rollers to facilitate the Motion, when you would 

take away one of the Frames, or put it in again, 7 
Tue Pilton of this Pump is hollow, with a Valve that opens when 
the Frame goes down to give Paflage to the Water, and thuts again when 
it is lifted; then the Valves 79 and 80 open to let it go into the Pipe 81, 
which ends in the fame manner as the other fix Pipes 50, 51, which 
go with the Gxth Figure. Laftly, the eighth Figure fhews the Outfide 
I of 
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of this Pump and its Flanches, which ferve to keep it imi roveable upon Le&. XII. 
the Iron Bars to which it 1s fix’d. eT ae 

Tue 15th Figure is the Profil of a Pipe of Conduct, accompanied 
with one of its Ends mark’d S, feen in Front, to fhew the Flanches by 
which the Pipes are join’d to one another with Screws, putting Rings of 
Lead and of Leather between, to make them tight. 

Tue 18th Figure reprefentsa Valve fix’d at the Bottom of each Ciftern, 
to empty it thro’ the Pipe 84, which is done by turning the Handle 
which is at the End of the Rod 83. Asforthe 17th Figure, it repre- 
fents the Clack which is plac’d at the Top of the Pump-Barrels 87, to 
hinder the Water which is rifen from coming down again. 

Tre goth, roth and aith Figures exprefs the different Faces’ of the 
End of a. Regulator, to which are fufpended the Pieces which it puts in 
motion. . You fee that at that End is an Ear of Iron 85, whofe Tail 
which goes three Feet into the Wood is fhewn by prick’d Lines. This 
Tail is travers’\d with Pins 86, made faft with Iron Bonds. In this 
Ear are Brafg Collars, which may be renew’d when the Friction of the 
Pivots that play in them has made their Bore too wide. 7 

As it might happen thatione of the Iron Bars of which the Chains 5, 
6, of the firft Figure are made, might break, and thereby many ‘others 
might alfo break by the great Force of the Crank that moves them, at 
every 12 Fathoms, there is a loofe Chain that yields, as the rath, 13th, 
and 14th Figures thew in feveral Views, | 


Here follows a general Re-capitulation of the moft effential Parts of 
this Machine, accompanied with neceflary Supplements to the foregoing 
Explanation. 

Tue Breadth of the Machine comprehends 14 Gets or Water-Courfes, 
fhut by Sluices or Penftocks, which are rais’d and deprefs'd by Racks, 
and in each of thefe Gets is plac’d a Wheel: thefe Wheels are difpos’d 
on three Lines; in the firft, on the Side which looks up the Stream, 
there are feven, fix in the fecond, and only one in the third. | 

Tue Ends of the Axle of each Wheel go beyond their bearing Pieces,. 
and are bent into a Crank, which makes a Leaver of two Feet; and it 
is to be obferv’d, that the Crank which is towards the Mountain fucks 
and lifts the Water of the River, to drive it into the firft Ciftern, and 
the other Crank gives Motion to the Balances. 

Srx of the Wheels on the firft Line by one of their Cranks givemo- 
tion to an Engine of cight Pumps, without reckoning the Feeder : thefe. 
Engines are compounded of a Regulator, at each End of which hangs a 
{quare Piece of Wood, which carries and direéts four Piftons; the Re- 
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Lect. XII. gulator i$ put in-motion by: two Beams: or Leaders, one of which lying 
temmy~nnd along anfwers to the Crank of the Wheel and avertical Regulator, and the 
other hanging down is united ‘tothe fame Regulator and to the Balance. 

OF the fix Wheels which we have mentioned, there are five which 
by their other Crank give motion to the Pumps that work in the Ciftern 
of the firft Lift, by means of horizontal Regulators and. Chains which 
communicate the Motion. The fixth Wheel, which is the firtt towards 
the Dam, moves along Chain which works the Pumps of one of the 
Wells of the upper Ciftern, which is call’d the Ciftern of the great Hor/es, 
(Chevalets). As for the feventh Wheel of the firft Line, each of its Cranks 
moves a Chain which goes to the firft Ciftern. 

Te fix Wheels of the fecond Line by each of their (Cranks move a 
Chain which goes: to. the upper Ciftern, which (reckoning the Chain that 
comes from the ‘fizth Wheel of the firft Line) makes 11 3 Chains. . Thefe 
Chains go over onevof the Cifterns' of the Art Lift ; and ‘there five of 
them at the fame time give motion to the Piftons of thirty Pumps, 
whilft the other Chains go on ftreight to the upper Ciftern. 

Lastry, the Wheel which is on the third:Line, by each of its Cranks 
works an Engine ofeight fucking and liftingy’Pumps, and of it: felf fup- 

i plies one Conduit-Pipe. bact 8 

_ Tw feven Chains of the Wheels of the firft Line in going’ along do 

allo work eight fucking Pumps placed-a little below the Ciftern of the 

firft Lift, becaufe in that Place there are the Waters of a confiderable 

Spring brought thither by an Aquedué ; and thefe fame Chains take up 

that Water a fecond time to:force it by 49 Pumps into the upper Refer- 

voir, thro’ two Conduit-Pipes of eight Inches, and three others of fix 
Inches Diameter. As to the thirty Pumps of the Ciftern of the firtt Lift, 

they drive their Water alfo thro’ two Pipes of eight Inches Diameter, 
which carry it into the upper Ciftern. , 

Tue Water rais’d at the two Cifterns in the way up the Hill, difcharges 
it {elf into a great\Refervoir, and thence by two Conduit-Pipes of one 
Foot Diameter each, it runs into Refervoirs of Communication to be 
diftributed into the feveral Wells or little Cifterns of the upper Ciftern, 
whence it is lifted by 82 Pumps thro’ fix Conduit-Pipes of 8 Inches Dia- 
meter up into the Tower, which anfwers to the Aqueduct. 

Tue eight great Chains which go ftreight to the upper Ciftern, with- 
out moving any Engines by the way, work fixteen Pumps behind the 
upper Ciltern, to bring back into the Refervoir of the faid Ciftern the 
Water which is loft out of the fix Pipes that go to the Tower. 

Pus eight Engines which fuck and lift the Water from the River, con- 
tain 64 Pumps; the two Cifterns in the way up the Hill together contain 
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79, and the upper Cifterns 82, to which adding the eight fucking Pumps Leét. XII. 
which we have call’d Feeders, and alfo the eight others which are below “v= 
the Ciftern at Mid-way, and befides the 16 Pumps placed behind the 
upper Ciftern (as we mention’d) we {hall find that the Machine has in all 
- 253 Pumps. 
Tue Bafon of the Tower which receives the Water rais’d from the 
River and fupplies the Aqueduct, is 610 Fathom diftant from the River, 
and is 500 Foot higher than the lower End of the fucking Pipes of the 
lower Engines. 
Tue Pumps which are upon the River fuck the Water 13 Foot high, 
reckoning from the Bottom of the Water-Gets to the Valves; and then 
this Water is lifted thro’ five Conduit-Pipes of 8 Inches Diameter up to 
the Cifterns mid-way. 
Tue Water having run along an Aqueduct of 36 Arches, is feparated 
into different Conduits, which lead it to Mar/y, and formerly led it alfo 
to Verfailles and Trianon. 
THE Refervoirs of Marly have 18700 {quate Fathoms in Surface, and 
are 15;Foot deep; that at Lucienne has in Surface 24.500 {quare Fathoms, 
and is alfo 15 Foot deep. 
- Wuen formerly the Machine acted with its full Force, and the Wa- 
ters of the River were high, in 24 Hours the Refervoir at Marly was 
raifed three Inches, which makes 779 cubic Toifes ; but commonly it 
furnifhes but half that Quantity. 
' Tereare about fixty Workmen whoarecontinually employ’d to take 
care of this famous'Engine, under the Direction of Mont. de ? Epine, the 
Comptroller .of it. 
N. B. Tue Quantity of Water raifed by this Engine, reduced to Eng- 
lifh Meafure (at 27 Hogtheads to the French cubic 'Toife) comes to 52 58 
Tons in 24/Hours, or near 220 Tons per Hour, or 33 Tons. per 
Minute. | . 
I sHAvu give a few Obfervations upon this Machine in the Notes *. * Ann. 4. 


Now I proceed to give a curious Account of one of the beft Over- 
fhot Mills in England, communicated to me by: Mr. Beighton above- 
mentioned, | 
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_or Leaves, in which is fix’d an Iron Spindle 


| 
A WATER-MILL for grinding Corn, &c. 
Section VIII | 


AWater-Mit1, for grinding Corn, at the Barr-Pool,: dy the Abbey 
in Nun-Eaton, 72 Warwickfhire. Plate 32. aye 


| the perfpeCtive Drawing all care has been taken, to fee as much as 
is neceflary to thew the whole Structure of all the ufeful or moving 
Parts of the Mill ; for which it is laid open or cut in fuch Seétions, as I 
judged beft fuited the Purpofe. The Scale fits the Orthography or. fore- 


right Side. of the Frame or Building; the other Parts perpetually di- 
aminifhing. 


In which Drawing I have defcribed the Machine by References in the 
following manner. | | | 

: .. REFERENCES. 

AB. Tue Axle-Tree or Shaft of the Water-Wheel 13 Feet long 
and 17 Inches Diameter. 

CCC. Havine fix Arms fix’d in it at D, g Inches broad and 3 thick. 

EE. Tue Sole of the Wheel is fixed, being. 18 Inches broad, and the 
Shrouds 14 Inches deep; having 30 Buckets. Their Breadth Fl'174 
Inches. FG, Depth 19. GH, The Elbow to the Sole 4 Inches. 

IK. Terr Diftance from one another 17 Inches and an half. | The 
whole Height or Diameter of the Wheel 16 Feet.) j eodinnnit 

LL) A Cog-Wheel placed-on: the fame Shaft by 4) Arms at M, 7 
Feet Diameter, having 48 Cogs or Teeth, which turns Ye 


N. A Wallower, Pinion, or Trundle 19 Inches Diaméter, of 9 Rounds 


NO. Gorne thro’ the Middle of the lower Mill-ftone P, moving in 
a Collar, to which is fix’d the Rind.O. laid into the. upper: Stone, PP, 
which it bears up and turns about. ‘That upper Stone ) 


DRM Namos ks ions a I And between the Edge and the Middle 


Thicknels at be a Hiss the Convexity is about 1 Inch 3... 


Q. A Wallower 2.4 Diam. of 15 Rounds, which. is at pleafure ap- 
plied to the Cog-Wheel LL. On the fame Axis 1s ‘sivaie 

R. A Cog-Wheel 5.4 Diam. of 40 Cogs, turning 

S. A Wallower of g Rounds, whofe Axis 

T. Hasa Rind Y at its top bearing and turning the upper Mill-ftone 

W. Wuicu Stones are ufed. for grinding Wheat for fine Flower. 
They are 4 Feet Diam. 53 thick at the Edge, 15 in the Middle, with 
the Convexity between of 15. 

X. 
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AWateER-MILL for grinding Corn, &c. 451 
X. Tue Surface of the Water in the Pool lying 74 Feet above the Lect. XII. 
Level of the Top of the Wheel. | | 
Y Z. A Trovucu or Lander conveying the Water from the Pool at Y, 
and delivering it into the Buckets of the Wheel at Z. This Trough is ~~ 
12 Inches {quare within, having 
ab, A Penftock upon it, whofe Cavity is the fame, and 
cd, AN Orifice ro broad and 12 high, with a Shuttle or Sluice to 
open and fhut it, which lets the Water upon the Wheel, and is (generally) 
raifed about 2 Inches by means of 
e. A‘Lever or Balance fix’d to its Shank, by the Handle / 
Tus Mill will grind 30 Buthels in 12 Hours, 


: ) W heel 8 
Tue Velocity of the large Stone saa per Minute. 


Ke roe 
Plate 32. 


BuT as it is Force, Power, Action, &c. that is moft wanting to be 
known, and has as yet been but little confidered ; I fhall here fubjoin 
‘the Calculus in fuch a plain manner, as may be under{tood by any who 
are a little vers’d in Numbers; tho’ to have done the fame in an Alge- 
braic, or (fome Parts) in a Fluxionary Procefs, would have been more ~ 
elegant, but not fo generally underftood and examin’d, 


For the Velocity of the Water and the Wheel : 
1, THe Water falls 7,5 Feet == go Inches, which Space a heavy Body \ 
falls in 41”, and a double Column of Water iffues forth, uzz. 15 Feet. 
‘Then in one Minute there will be expended at the Orifice 13 50 Feet 
== 16200 Inches; and the Opening of that Sluice being 10.5 x 2 == 21 
Inches Area, there will be 1206 Ale Gallons fall on the Wheel in a Mi- 
nute == 19 Hogfheads g Gallons, or 1148 Hogtheads per Hour. 
2. Tue Diameter of the Wheel being 16 Feet, the Circumference is 
: | 50,2 Feet; 
Which multiplied by the Revolutions it makes in a Minute == 8 
The Wheel goes in a Minute, or its Velocity is —402,4 Feet, 
Then as 402: 1350 :: 1: 3,353 fo the Velocity of theWater to the Ve- 
locity of the Wheel is as 3,35 isto 1. : 
3. ‘Tue Adjutage, as above, gives 1206 Gallons, which divided by 8, 
gives 150,7 Ale Gallons, which — by 30 the Number of Buckets gives 
5,02 Gallons to each Bucket, that is nearly soit. wt. of Water in each 
Bucket. | 
4. Bur asonly one Bucket, v7z. that horizontal with the Axis, can act 
by-a Force of 50 ts. on the longer End of the Lever, the Radius of the 
Wheel EE (the shorter End being the Radius of the Cog-Wheel L L,) 
Mmm 2 their 
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Let. XII. their Forces in proportion to their Centers of Gra= [Buct.) #4. |tund|Stat. We. 

ayo vity will be different ; which calculated, and from . Bue 
thence their Statical Weights, (as I call them) their | TIS°1! M 6 
Forces will be (in. a lefs Number than half ‘the fips disaritet Ben 
Buckets) as in the Margin. The Sumy of the }. 3|\4° Tad t+. 


Weights in the aft Column will be 3 hundred and | 415° 1a 


66 Pounds. § 150} 0-3 142.8 
5. Bur as a cubic Inch of Water. weighs: 58 F 59/0: 146.2 
Ounces, and there is always falling 3780 cubic u 5°} 7:3,) 5°: 
Inches, ‘the Force imprefs'd, were it on the Tangent 5 ; q: $ 43 > 
of the Wheel, will amount to 137%. but the 9\4 6. ar 
— Diftance of the Penftock from the Pool 6 Feet. The | 7° {42|°°3 | 33 


Force is in it and by the Shuttle, as. alfo its ftriking a: 30 oe */ 
obliquely on the Paddles or Buckets nearly to an An- | | : 5 a ea 
gle of 45 Degrees ; from which Confiderations (and 0B 1718 Se 
Experiments I have made) its Velocity, and confe-. 49721=3 hun.66i6. 
quently Force is leffen’d about one half: ‘Therefore I add only 60%, to 
the Sum of Statical Weights, and it makes 4 Hund. og. ay" —'462 
Pounds. 

6. Rap. Wheel = 8 
Rad. Cog-Wheel 3.5)3696(1056 Force at the Cogs or Trundle of the 
Stone equal to g hund, 486. for the Refiftance of the Stones, the 
Grinding, and the great Fri€tion of the Stones and Corn, » 

Or 1056 
x by Rad, Wall. . 

Rad. of the Stone 2.8) 72¢ 729 (282, 8 tb. Force at the Periphery’ of the Stone 
== 2 hund, 29. 21. 

7. Tu = Force on the Wheat- Mill Rounds (Q) 1056 

’ ‘The Rad. of that Wallower x 1.2 
The Rad. of the next Cog-Wheel:2.4.)1261,2,(526i6. Force 

on the Trundle (S) that carries the Wheat-Mill, and 526 x Rad. Wall. 
7 In, == 3682 = 24 Rad, of the Stone gives 1 53ib. Force at the Peri- 
phery thereof, 

8. THe great Stone makes.5,3 3 Revolutions for the Wheels 1, and 
42,4. Times ea MEADE 


Rounds, ane > ‘The Velocity of the Periphery of the 
15 : 3 times thie Wheel great Stone, 
ods Div 1 Its Circeumf. 3136 
1s Co aan es 
212,6 per Min. 754372 Feet in a Min. 


: Alfo the Velocity of the fmaller is 1407,5 Feet per Min. 9. 
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Dr. BaRKER’s Breafl-Mill. A453 


9. THe Weight of the Mill-ftones. | Lect. XII. 
The great one contains 22,5 cubic Feet == 1912i.==17 hund. og. 416, ““v—~ 
~ Turs Water-Mill is by moft People accounted as good a one, as any 
the Country affords, for difpatching as much Bufinefs in the time, and 
doing it weil ; tho’ perhaps amongft the Curious there may be fome Ob- 
jeCtions again{t its Train (as the Movement-makers call it) for they ge- 
nerally fay that the Pinion fhould divide the Wheel exactly, or be fome 
aliquot Part of it, which here is not; for 9) 4.8 (5.33, but had it been 

cee) 
40 
; 27 
9) 54 (6 it then had been fuch. 
° 

However this goes well, it is a very agreeable Height 16 Feet, the 
Fall confiderable 74 Feet ; for the Wheel being made 20 Feet high in 
the Place it ftands, it would not have been capable of doing fo much bu- 
finefs: Of fo much more {fervice is the Impulfe, Stroke, or Momentum 
of the Water, than is its bare Statical Weight. 


N.B. Our Bufbel here generally holds 3, Parts more than the Win- 
chefter. | 


A ComPaARISON between this Mill, and the Underfhot Mill that I 
have defcrib’d from Monf. Belidor, the Reader will find in the Notes *.. * Ann. 5. 


Srctrion IX. 


HEN there is nota Quantity of Water fufficient to turn an Under- 
fhot Wheel, nor Height enough to throw the Water down upon 
an Overfhot, the Water is made to fall into the Buckets of a Wheel call’d 
a Breaft-Wheel, about the Height of the Center of the Shaft, and to work 
by its Weight till it goes down to the Bottom where it runs out of the 
Wheel: but few of thefe Wheels are good for any thing, becaufe they 
feldom receive their Water well, and generally part with it too foons 
that is, before it comes to the Bottom. But the learned and ingenious 
Dr. Barker, whofe Skill in Mechanicks as well as all Parts of Mathe- 
maticks and Philofophy is well known, has contriv’d fuch an Improve- 
ment of this Wheel as to make it equal to an Overfhot. 

Sir George Savile had a Mill in Lincolufhire to grind Corn, which 
took up fo much Water to work it, that it funk his Ponds vifibly; for 
which reafon he could not have conftant Work : but now by Dr. Barker's 
Improvement, the wafte Water only from Sir George’s Ponds keeps it a 

{tantly 


454 


Dr. BarkeER’s Breaft- Mill. |! 


Leét. XII. ftantly to work. The Millis improv’d in the following manner. Plate 


ey one 
_ Plate gs! 


Figows 


ery ae 
ia ke Wheel is 19 Foot in Diameter with r2 Arms and 24 Ladle- 
Boards; and is fo contriv’d that the Ladle-Boards receive their Water a 
little above an horizontal Diameter of the Wheel, and do not part with 
it till they come to the loweft Part of the Wheel under the Center, where 
the Water would not only be ineffectual, but hurtful to the Motion. The 
Contrivance to effect this is as follows: There is a circular Channel G 
# GH, reaching from the Level of the Wheel’s Center quite to its un- 
der Part exactly {quare within ; that is, the Seétion made thro’ this Channel 
by a Plane paifing thro’ its Wheel’s Center is every where a Square of 18 
Inches the Side, as gg GG gg in Fig. 2. where the Se@tion of the Wood 
that makes this Channel is fhaded. The Ladle-Boards F F being 18 Inches 
long and 18 Inches broad, jut pafs down this Channel without touching, 
and fcarce lofe any Water at all (the little that flips by the firft going to 
the fecond) in going round a quarter of the Wheel, uz. from G toH, 
when they wholly quit the Water. To do this the more efteQtually, from 
the Middle of the Rim or Sole, quite round the Wheel there rifes a 
Tongue going all round, of about an Inch and a half or two Inches in 
Thicknets, to fill up the Space between g and g inthe fquare Channel, 
and in order to fupport the {trong Pieces on which the Ladle-Boards reft. 
The third Figure at 64 aaaaaabb reprefents the Section of the Sole of 
the Wheel and this Tongue prominent upon it, and Dd is the Supporter 
of the Ladle-Board thruft thro’ under it, with an Hole near d to drive 4 
Key or Wedge on the Infide of the Sole of the Wheel to hold fat this 
Piece, over whofe End 4D 4 the Ladle-Board is to be faften’d. | 

In Figure2, daa FDF aa teprefents the Section of the Sole of the 
Wheel and Tongue, with the Ladle-Board FF faften’d over the End of 
the Supporter atD. N.B. When the Ladle-Boards are Saften'd to their 
Supporter one may very eafily and expeditioufly put them into their Places, 
by thrufting the Part of the Supporter dbb (Fig. 3.) thro’ the Tongue 
and Sole of the Wheel, and making it faft with a Key at K, in the Place r 
a little before the Entrance into the Channel, 


SECTION X. 


W HEN we have not Water enough to turn fuch a Mill as this, and 
; even an Overfhot Mill; but can give a great Fall to the Water we. 
have, we may make very good ufe of that Water, the {mall Quantity of 
it being recompenfed by the Height of the Fall. Mr. Francini, in the 
Year 1668, was the firft that I know of, who brought a great Fall of a 
: } little 
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little Water to be ufeful, and others have practis’d it fince. I have taken Le&. XIE. 


this Account out of Beldor’s Architecture Hydrauhque, Page 254,——v-~ 
Vol. II. and give it here in his Words. . 


FRANCINI’s Pump. 

A PARTICULAR Sort of Chain, or Joint-Pump contriv’d by Mr, Plate 34. 
Francini. grits 2: 

Tus is the ingenious Machine contriv’d and put in execution by 
Mr. Francini, in the Year 1668, by Mr. Colbert's Orders, in the Garden 
of the King’s old Library. To judge of it well, you muft know that 
near the Houfe there is a natural Spring, which ufed formerly to dif- 
charge its Water in a Bafon fituated in the middle of the Garden, and 
that the wafte Water ufed to run along a Canal into a Well; where it 
was loft. M. Francini taking advantage of the wafte Water, and the 
Depth of the Well, rais’d an artificial Jet in. the middle of the Garden, 
which produc’da fine Effect. 

Tue firftand fecond Figures of Plate 34. reprefent the Profil and 
Elevation of this Machine, compos’d of a couple of double endlef$ Chains 
made of {mall Iron Bars join’d together by Joints or Hinges: to thefe are 
faften’d Buckets making two. Joint-Pumps of unequal Height, which 
turn upon a Rag-Wheel F E D G, that has Notches where the Chains 
go, to hold them always in the fame DireGtion; and the Intervals of the 
Bars of this Wheel are equal to the Length of one of the Links of the 
Chain ;, that the great Joint-Pump turning with the Rag-Wheel, the 
other Joint-Pump may be fore’d ‘to turn along with it. 

THE Axis of the Rag-Wheel is fuftain’d by two Pofts P fram’d 
into Cills on the Curb at top of the Well, and fo brought up to their 
Height, and kept faft by two crofs Pieces Q. R, the. loweft of which 
fuitains the Ciftern A, which the wafte Water of the Bafon runs into: 

..Tue Buckets B of the great. Joint-Pump are made of Plates of Brafs, 
making a Veflel wider at top. than bottom, the better to receive the 
Water: from the Ciftern A, which runs continually through the Trough 
X ; this Figure is fo much the more convenient for thefe Buckets, that 
when one of them is full, the Surplus of the Water that runs along 
its Surface, runs.naturally into the next Bucket below, and from that into 
the third, and fo on, fo that no Water can be loft by {pilling over. 

Tue Buckets .C and S of the leffer Joint-Pump, fyg. 2. have the 
fame Figure as the others, with this Difference, viz. that they are clos‘d 
all round, except at the Place S, where they have a little Neck towards 
the Bottom, where the Bucket is leaft, which Neck is upwards when 
the Buckets rife. full. of Water to difcharge it into the upper ve 
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Le@. XII.M I. ‘To make the thing plainer, we have drawn by themfelves, be- 
wv tween Fig. 1. and Fig, 2. one Bucket of the great Joint-Pump, and 
one of the fmall one, which fhews the Situation in which they are, 
when being full of Water, thofe of the great Pump defcend into the 
Well, and thofe of the {mall one rife to empty themfelves into the upper 
Ciftern. | 
Tuo’ the firft Figure reprefents only one Joint-Pump feen fide-wite, 
it may ferve to fhew the working of each in particular. For example, 
you may confider the Buckets B, as thofe of the great Pump, when they 
go down into the ‘Well, and the others H of the fame when they’ rife 
empty. Ifon the contrary we confider the {mall Pump, “you may judge 
of the Situation of its Buckets H; when they rife full of Water, and of 
the Situation they have at B; when theycome down empty. ~ 
A Wuext with Teeth O has been fix’d to the Axis of the Rag 
Wheel, whofe Teeth take a Pinion or Lantern N, Fig. 1. and Fig, 2, 
that has a Fly to keep the Uniformity of the Motion of the Machine, 
that it may not go by Jerks, and not feel the fmall Alterations that may 
be caus’d by Obftacles met with in the way, Fig. 1. : ua 
As the great Joint-Pump is fuppofed to go down into the Well ‘to’ 
Depth fomething greater than the Height to which the Water is to be 
rais'd above the Level of the Ground, there will always be a greater 
number of its Buckets that will go down full of Water, than there will 
be of the little Pump that will carry up theirs full to the Rag-Wheel ; 
confequently the Weight’ of the Water that'defcends being fuperior to 
that which rifes, the great Pump will neceflarily make the little one 
turn, whofe Buckets will fill themfelves as: they go thro’ the Ciftern A, 
which upon that account muft have a certain Depth, that the Water 
may have time to fill them. , ; ee iagvers 
As to Velocity proper for this Machine, ‘it can only be’ determin’d by 
Experience, by increafing or diminifhing the-Number of the Buckets 
of the great Pump, to know how much’ the Power muft be fuperior 
to the Weight; which muft alfo depend upon the Quantity of Water 
the Spring is able to give. 
Wuewn the Buckets of the great Pump are of the fame Bignefs as 
thofe of the {mall one, and the firft Chain of Buckets is fomething more 
than double the Length of the fecond, fomething lefs Water will rife in 
the upper Ciftern than is loft in the Well ; that is, there will be rais’'d 
fomething lefs than half of what the Spring affords. If you would have 
more than half rais’d, but to an Height lefs than the Fall, you muft then 
make the Contents of the Buckets of the fmall Pump greater than the 
Buckets of the other, iz @ reciprocal Ratio of the Fall of the Water, 
I to 
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to the Height to which it is raisd: and on the contrary, when you would Lect. XII. 
raife the Water to a greater Height than the Fall; you muft make tHe a; aa 
Buckets of the fmall Pump lefs than thofe of the great one, again in the Fig, Bie 
reciprocal Ratio of the Defcent and the Rife of the Water; then there 
will rife lefs than what is loft in the Well, in the reciprocal Ratio of the 
fame ‘Terms, | 

You fee that in the Cafe where Francint made ufe of this Machine, 
‘after the Water had been rais’d into the upper Ciftern MJ, it came 
down by a Conduit-Pipe, and went and play’d a Jet in the Bafon_ of the 
Garden, whence it came back into the Ciftern A, and united again with 
that of the Spring, to help to play the two Joint-Pumps, fo that by means of 
this Circulation, a Spring affording but little Water, rais’d without Interrup- 
tion fo great a Quantity of Water, that one might borrow aPart for other Ufes. 

Tur chief Difficulty here, is to havea Well deeper than the Fall, in 
a Soil where the Water can be loft; unlefs you can find'a lower Place to 
conduét the Water to from the Bottom of the Well. 

Devonfhire and Cornwall, where there are a great many Mines of 
Copper and Tin, is a very mountainous Country, which gives an Op- 
portunity in many Places to make Adits, (as they call them) or fubter- 
taneous Channels or Soughs from the Bottom of the Mine where the 
Miners ate at work, to fome Valley at a diftance, a little lower at the 
Bottom of the Mountain, to carry off the Water from the Mine, 
which otherwife would drown them out from getting the Ore. Thefe 
‘Adits are fometimes carried a Mile or two, and dug at a vaft Expence, as 
of 2, 3, or 4000 Pounds, efpecially where the Ground is rocky. And 
yet they find this much cheaper than to draw up the Water out of the 
Mine quite to the Top, when the Water runs in plenty, and the Mine is 
deep. Sometimes they can't Gnd’ a Level near enough proper to carry 
to it an Adit from the Bottom: fuppofe the Mine be 50 Yards decp, 
and they can only find a Level 25 Yards above the Bottom; yet they find 
+t worth while to make an Adit to fave half the Height to which the Wa- 
ter is to be rais’d, thereby faving half the Expence, and delivering the 
Water ihto the Trough L Z, where it runs off under ground without 
bringing it up to the Grafs. = 

Tue late Mr. Cofar, (1 believe without having heard of Francint’s 
Machine) confidering that fometimes from a {mall Stream, and fome- 
times from little Springs or Collections o Rain-Water, one might have 
a pretty deal’ of Water above Ground, tho’ not a fufficient Quantity to 
turn an Overfhot Wheel; thought that if a fufficient Fall might be had, 
that Water might be made ufeful in raifing the Water from he Bottom 
of the Mine to the Adit, and thereby fave the Expence o: Men and 

Vou. IL. Non Horfes 
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Leet. XII. Horfes ufed for that Purpofe : The Fall to be had appear’d to him to be 
¥ CL; that is, from the Graf or Mouth of the Pit down to the Adit, 
Fig * which here we'll fuppofe 25 Yards. Then he contriv’d to place a Rag- 
Wheel R R, with its Chain or Bucket-Pump at the Mouth of the Pit: 
at Cc, much after the manner of Francini, receiving the {uperior. 
Waters brought into a Colleétion-Ciftern W, thro’ a Pipe A, leading 
it into the Buckets B, making them go the reverfe way (becaufe in the 
common Chain-Pump the Rag-Wheel carries the Buckets, but here 
the Buckets carry the Rag Wheel) down as far as the Adit, into which 
they difcharge themfelves at 44 ; and there turning another Rag-Wheel _ 
rr, whole Axis works an Engine bringing the Water from the Bottom, . 
which is alfo deliver’d into the Adit which carries away both the Waters 
to the Delivery at the Bottom of the Mountain at Z, which we fuppofe - 
at a great diftance from the Mine. Any kind of Engine may be 
work’d by this lower Rag-Wheel, whofe Axis is HI; as for Example, . 
a common Chain-Pump, like that at D, Fig. 2. by making the Rag- 
- Wheel fufficiently deep ; or Cranks, as I have reprefented it at G g 
in the Figure, working two Pump-Rods K K moving in the Barrels 
MM, and delivering their Water into the Trough leading. to the Adit, 
N. B. There muft be a Wheel Jix'd to the Axis of the upper Rag-Wheel at: 
C, tocarry a Pinion or fmaller Wheel D, having a Fly EF, 14 order. to; 
regulate the Motion of the whole Machine, and prevent Ferks. 
One may by. means of an Adit, Sough or Drain, brought to any- 
Depth in the Mine, make a confiderable Advantage of a great Fall of a. 
. mall Quantity: of Water a great many ways, I have thought. efpecially - 
of two, which I will mention here. 
1, THE firft is to fix Dr. Barher’s Breaft-Wheel. a little above the. 
Adit-Ciftern under Ground, to which the Water muft be led down by a. 
perpendicular Pipe, whofe Bottom ends in a ftrong, {quare, perpendi- - 
cular Trunk, having a Mouth to open or fhut by a Chain from above, . 
fo as to be let fall on the Ladles of the Wheel, and going out of the. 
circular Channel at bottom. of the Wheel, to fall into the Adit-Ciftern, | 
and there run off. The Axis of this Wheel in going round may move 
any kind of Water-work, to bring up the Water from the Bottom of the - 
Plate 33. Mine intothe Adit. See -Plate 33- And inverting it, the Part mark’d 
Fig. 4. will thew the pplication of. the falling Water to the Wheel; 
PCP £is the Bottom of the defcending Pipe condu@ted. to. the Mouth - 
of the circular Channel] G, where the Ladle-Boards run in the Dire&tion 
3» 4, 5, and quit the Water at 6. A Chain CO, pulling the Shuttle 
M 2, letsdown the Water upon the firft Ladle-Board it can come. at. in 
Proportion to its Quantity, The reft is very plain, 
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2. Ir the Adit be very deep under Ground, (for Example, 50 Yards) Lea. XII. 
the Velocity of the Water will be fuch, that the Channel of the Wheel G3, —~w—~ 
4, 5, 6, would not part with the Water foon enough for the Velocity of its 
Fall, therefore then there muft be no guiding Channel for the Ladles to 
go thro’ ; but they muft be fix’d like thofe of an Underfhot Wheel, and 
their Number muft be lefs than in Dr. Barker’s Wheel. Mr. Pitot’s 
Rule, given above, will fettle their Number, and the Stroke will be per- 
pendicular againft every horizontal Ladle. N. B. The Velocity of the 
iffuing Water, fuppofing the Pipe to be kept full, will be found by our 
Rule of Page 422. 

Here at 50 Yards it will be 80,2 Feet per Second. 

For 150 Feet x 64,2882 gives 9643 (2300. 

Whofe Root / 9643, 2300 gives 80,2. 


SEcTION XI. 


wil ERE there is a Fall of Water not fufficient in Quantity to turn 

even an Overfhot Mill; fuppofing this Fall to be of 16, 20, or 30 
Feet ; it is poffible to make it turn a new invented Mill, the moft fimple 
that ever was made: without Wheel, Trundle, Cog or Round. Dr. 
Barker had this Thought, and communicated it to me, faying that it 
would be an experimental Proof of Mr. Parent’s Propofition, explain’d 
Page 424. of the Maximum of the Force of Water acting upon an Un- 
derfhot Wheel. I took the Doétor’s Hint, and made the following 
working Model of it, which I fhew’d the Royal Society the Experiment 
of, at their laft Meeting this Summer. 


The Defcription of a Machine to prove Mr. Parent’s Propofition expert- 

_ mentally, viz. that an Underfbot Water-Mill does moft Work when the 
Water-Wheel moves with only a third Part of the natural Velocity of 
the Water that drives it. 


Plate 33. 


FiGuRE 5 reprefents an upright Section of the Machine, whofe Pro- 
‘portions are {hewn by a Scale of Inches. 

ABCD isan upright Iron Frame ftanding on another Iron Frame 
for its Bafe, whofe Plan is reprefented by Figure 4. 

EF GHIK isan upright Tin Pipe, with a Brafs fquare Pipe at bot- 
tom, turning round an Axis ON in the Direction E F, while two 
Jets fpout horizontally, but with different Dire€tions, at the Sides of the 

Nan 2 Trunk 
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Lea, XII. Trunk’ I K near its Ends, as may be feen at.Y, -and fappos’d near K on 
w= “the other fide.of the Trunk. | 
Piste 34. 78 Q_the End ofa Spout bringing Water into the Tin Pipe at the larger 
Part witha known Velocity. ) 
N O a fqguare Iron Bar fo, fix’d to the Tin Pipe as to make it tern 
round along with it, being join’d to it in the following mannery: azz. 
_Ficure 6, reprefents the Bar made round at top from R) to O;| i! 
order to pafs thro’ the upper horizontal Bar in Figure 5, and going thro’ 
the Cylinder P. (which it does not touch by reafon of the vertical Hole in 
P being larger than that Axis) fticks faft in the Barrel Q, which it care 
ries round to bring up upon occation the Weight a 4 by a String over the 
Pulley B. At the Place Wa Plate G His let on upon the Bar) ahd 
faften’d toit by the Pin W; which Plate by. the Screws GH (Fig. 5, 
is faften’d to the broad Part of the Tin Tube: then the Bar running. 
down the Tube, and thro’ the Bottom of the Trunk at S, is faften’d to. 
it underneath by a Nut fcrew’d on atS, the remaining Part of the Bar. 
being made into a Pivot S N, which pafling thro’ an Iron fix’d to the 
Bar C D, bears on a Piece of Brafs TV fatten’d with Screws, or any other- 
wife to the under Part of the Iron. Thus when the Tube turn 
it carries the Bar with it, and the Roller or Barrel.O, oy 
_ Ficure 7, reprefents the Piece of Iron faften’d to the cro& horizontal- 
Bu CD. .T the Hole for the Pivot to'go thro’; V the bearing Piece of 
Brafs, and $ the Screw to fix’ this Iron Arm to the Bar over N, where 
we have not reprefented it in the Figure 5, to avoid Confufion. ‘ 
Ar each End of the Trunk IK, on its oppofite vertical Sides, is an’- 
Hole an Inch long, and 3 of an-Inch wide, mark’d Y Z, which may-be 
epen’d or contracted by means of a Plate of Brafs L Y.X-Z, which flideg . 
over it, and is drawn backward and forward by the long Screw K Z,. 
riveted, but moveable round at Z, where the Plate returns at right 
Angles, and comes forward and backward, while the Screw advances . 
and recedes thro’ the Plate M , which has a female Screw in it to keep » 
the faid Screw in its Place, while it preferves its Dire€tion thro’ another - 
vertical Plate K at the oppofite End of the Trunk; the Hole in that Plate= 
not being fcrew’d.. N. B. There is fuch another Plate and Screw, , 
whofe Head is mark’d J, to regulate the Hole on the other Side, and at’. 
the other End of the Trunk near K.. y 2 reprefents the Place of that - 
Plate; and L, X, M, m, four. flat Plates with Dove-taik Grooves in. 
thein plac’d horizontally to guide the Shutter-Plates. ALHOWSs 
Aut this will appear in Perfpective by the Sight of the ninth Figure... 
The Holes, fuch as Y, are to be open’d to make Jets, and to fuch a Bate, | 
that.as the Water comes out, the Ends. J and-K may move but with + of the. 
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Velocity of the Water coming into the Pipe from Qs ithen the greateit Lect. XII. 
Weight a 4 will be drawn up by the Roller O. | a 
Ir you change the Scale from half an Inch to a Foot, this Machine ate 
will be a Mill (of little Coft) where O will be the upper, and P the nether — 
Mill-ftone. rnivor ofl) cory Pio amnit’ | 
Ficurr 8, is the Plati of the Frame of Iron atthe Bafe, and AB 
the Plan of the crofs Bar at top. | 
Nv Be Iw making a real: Mill,the Mill-ftones fhould be bigger than 
according to the Scales. for they fhould be 4 or 5 Foot in Diameter’: ‘The 
Piece CD, Fig. 92 mutt be made of {pringing Wood ‘to’ make -the Bar 
and Pipe, and confequently the upper Mill-ftone at the Top of ‘the Bar, 
dance a little in working, .as has-been {hewn to be needful in Milk. +. 
. SecTrion XII. ; 
Le there be a Spring affording but a fmall Quantity of Water, and hav- 
ing but.a fmall Fall, fuppofe 10 Foot, it is poffible by the Lofs 
of fome of the Water to raife the reit to fupply, a Gentleman’s.Seat,. or - 
any Place where it is wanted; but ina lefs Quantity, by a little, than what, 
runs wate; if the Place-to which the Water is to be rais’d is higher than 
the Fall of the Spring is low. For example, the Fall of one Hogfhead 10 
Foot will-raife very near a Hogthead 10 Foot: One Hogfhead falling 10 
Foot, will raife very near 4 of an Hogthead 40 Foot, This has been 
thought of by Schottus a great many Years ago, and he. gave a Draught - 
of it; but I don’t find that it was ever put in execution (at leaft to any” 
good purpole), till the. late George Gerves Carpenter erected an Engine 
for this purpofe, for my honourable Friend Sir ‘Fohn Cheer Baronet, at 
his Seat at Chichefler:in Buckinghamfhire. ‘This Engine has not been out - 
of order fince it was firft fet up, about 15 Years ago. + : 
~ Here follows the Defcription of it by Mr. Berghon, who alfo drew 
the Draught of it. | ai it 


Plate 35. The EXPLANATION of Gerves’s Engine, fet up for~ 
Sir John Chefter, af ‘Chicheiter. 


A. Is a fimall Spring of Water, running four Gallons per Minute,.con- - 
veyed. 72 Yards into B. 

B. A Crsrerw holding about 12 Gallons, with a Fall from B to C. 

C. ACIsTERN 10 Foot’below B, where the Wafte is convey’d off 7 
along D.. 

D. A Drain, or Sewer. 

E. A Pian of the Building by a Scale of 8 Feet.in an Inch, 


462 Mr, Guorce GeErves’s Engine. 
Lett. XII. FG, A Section of the Houfe: built over the Well or Ciftern, drawn 
sv by a Scale of 4 Feet in an Inch; with 

HIK. TuRree Floors, for the Conveniency of fixing and ordering the 
Engine ; on the uppermott is 

LMN. A Frame of Timber, on which the moving Part is fupported 
(Part broken off in the Figure, to thew the Work 3) acrofs this Frame 
lies O, 

O. An Horizontal Axis, three Foot and an half Jong, moving on two 
Gudgeons in Braffes. .Upon this Axis are fram’d three Wheels. 

(1) P. A Wize 2 Foot Diameter (hrouded, whofe Sole is 5 Inches 
broad, and fhod with Iron, | 

(2) Q. ‘Te largeft Wheel 6 Foot Diameter, lying clofe by the other, 
1 Inch and j broad on the Sole, and fhrouded ; this is {piral’d 2 Inches, 
both in Sole and Shrouds. 

(3) R. AWuezeEx 3 Foot 10 Inches Diameter, fix’d on the Sides of 
the Spokes of the Wheel Q, and fhrouded ;_ this is {piral’d £ of an 
Inch. 

P. Upon the Wheel P, is fix’d a Chain, made flat and very flexible, 
which after it has wrap’d once round, is made double to ftride on each 
Side the fingle Part, to prevent its fretting and galling, and to keep exactly 
the Perpendicular. 

SS. To this Chain is hung $$, a long Rod of Iron, at the Bottom of 
which the greater Bucket (d) is fix’d. 

Q. Upon the Wheel Q, is fix’d a fmaller Chain made flat as the other ; 
and when this Wheel has made one Revolution from left to right, the 
Spiral-Sole takes up as much of the Chain, as is between (T and T 2.) 
The lower Part of the Chain from (T 2 to'T 3,) has crofs Bars, which 
fall upon the Edge of the Shroud in Notches plated with Iron ; which, 
by the Help of the Spiral, not only prevent this Part of the Chain from 
riding upon the other, but help to equiponderate the Increafe of Weight 
of the other Chain SS. 

R. Upon the Wheel R, is faften’d a Rope, one End of which goes 
about V, | 

V. A Wueet of 2 Foot Diameter, to which that End is fix’d; and 
on the fame Axis is fix’d W, 

W. AnoTuer Wheel one Foot Diameter, to which js faften’d a Rope, 
which goes over a Pulley to a fliding Weight in a Box at X, 

X. Beno the Stilyard End of (Y aa.) 

Yaa. A QuaDRANT Wheel moving on the Axis Y; the Rope fal- 
Jing upon Pullies, running betwixt Iron Plates, upon the Circumference, 

Z. Is 
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Z. Is.a Lead Weight, fix’d to counter-balance the Weight of the Lea. XT 
Chains, keeping exactly an guilibrium in every Pofition they move in. eain Gir 
O. Upon one End of the Axis O, is a {trong Iron Wheel, giving Mo-- 
tion to-a Fly (4) which regulates the Motion of the Engine, 
TT. Upon one End of the Chain ‘TT, is a Copper Bucket C; whofe: 
Capacity is about 5 Gallons, having a Valve in the Bottom cn the lef: 
Hand, and a wafte Pipe near the Top-on the Right: Upon the lower. 
End of the Rod’S§, is hung (d.) | 
d, A CoppER Bucket containing about 15 Gallons ; in the Bottom of) 
this is a Valve open’d by,a Trigger falling upon a Stud. at the Bottom of 
the Well. 
zz. Ar® Iron Rods, for the guiding of the Buckets, whofe Ears:have 
Brafs Rolls in them, and inclofe 3 Sides of each Rod, which is {quare.. 


The OPERATION, 
~Wuen the leffér Bucket defcends, it falls upon a Trigger (at 4) which 
isjointed toa Treddle (at.5). exprefs'd with pointed Lines, moving onan’ 
Axis (at 6),. which by a Rod: (at-7) opens-a Valve in the Bottom of the 
Cittern.B;, whence the Water by a BrafsCock and Branch Pipe is con-. 
veyed underneath into,both Buckets (¢ and d.)» - 

WueEn the leffer Bucket has received about 4-Gallons and +, it runs 
out at the Pipe or Spout intoa Leaden Trough, which conveys the Water: 
underneath the Ciftern into the greater Bucket, till it overpoifes the leffer, . 
which defcending, and raifing the leffer Bucket, the Valve huts, and the 
Water that is left in the.Trough and Branch-Pipe runs into the greater 
Bucket (d) (accelerating the Motion) which falling 10 Feet, the leffer 
Bucket rifes 30 Feet, which taking up the Trough (/,) and its Trigger 
{triking upon a. Stud at (e) its Valve is open’d and the Water runs out 
into a {mall Ciftern at (f,) and down a Pipe (gg,) and fo is convey’d : 
to the Place defign’d : At the fame time a Stud opens the Valve of the - 
greater Bucket, the Water running along D the Drain or Sewer. . 

Wun both Buckets are empty, the lefler overpoifes the greater, and. 
defcends down to.the Ciftern, bringing up the greater, where they fill'as 
before. . 

To regulate the Weight of the Chains in every: Pofition, as they:act in: 
winding on and off the Wheels P and Q; the fpiraling of the Wheels : 
helps in fome meafure; but the Quadrant Wheel and Stilyard-X, with the 
Weight Z, compleat that Lguilibrium, by acting with the greateft Force. 
in the horizontal Pofition when the Chain 'T' is all down, and aéts with » 
its whole Weight upon the Wheel Q. Then as that Chain is drawn up, - 
its acting Weight being thereby diminifh’d, the Stilyard.X is moving a 

towards: 
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Lea; XIL.ttowatds its Perpendicular, where:the Weight Z ceafes to influence the 
wey Motion of the Wheel R 3 at which time the fliding Weight’ runs down’ 
to keep the Rope tight. | 

Ar the frft moving down of the leffer Bucket, the Weight X  flides 
up to a Shoulder before any Motion is given to the Stilyard; but whilft. 
the Chain T evolves from its Wheel Q. its acting Weight increafing, and 
at the fame time the Chain’ wrapping it felf upon the Wheel P, its act- 
ing Weight decreafing : The Stilyard by rifing higher, brings the Line 
of Direction of the Weight Z farther from the Center of the Quadrant, 
and fo laysa greater Force or Obftruction to retard the Wheel R ; and’ 
continually keeps a Counter-balance. P | Fon 
Tue Fly (é) regulates the Motion of the Engine to’an equal Velocity ; 
and by its running forwards, after the Buckets: are® quite-up* or down, 
holds them fteady till they begin to fill or empty, and prevents their re- 

coiling back. Daher Pt ett i, be 
Tus Engine at a flow Motion carries up one'Bucket: full in' 5 Mi-. 
nutes; but if the Spring run double the Quantity,) it would’go uptwice* 
in the fame tithe; and aniEngine in this: kind, miay ‘be made’ to’ raifé’ 
one Hogthead: per Minute,\or more, if required; The wafe Water nor 
being the hundredth Part of what is fpent by a Water.Wheel, to raife ion 
egual Quantity of Water to the fame Height. 029 ke oo 
| »2VON | HENRY BEIGHTFON, 


N.B.. There is mention d in my Firft Volume (Page 75, and 76.) an 
Engine witha \ofing and a ‘gaining Bucket, for the'fame purpofe as this, 
Jet up en Yreland ; but not near fo:good as.this,) (9 8 


SECTION AI 


_ FIRE-ENGINE. : 


JHEN Water is to be: raifed for {upplying-a’Town or a Gentleman’s © 
Houfe, ota Mine is to be drained of the Water which hinders the 
getting of the Ore; if there be a River, Brook, or Collection of Springs in 
our power, it is beft to.make ufe of an Underfhot, Overfhot, or Breaft- 
Wheel ; or of any Fall of Water, in Coffar’s Way, or that which Imen- 
tioned in Seé#ii12: of this LeGture, if there bea Drain to carry off the 
falling Water: becaufe as fuch'a Power cofts nothing, there is no other 
Expence but fetting up an Engine, and keeping it inorder. But where 
there is no Water to be had, and Coals are cheap, the Engine now call’d 
the Fire-Engine, or the Engine. to raife Water by Fire, is the beft and 
2 mott 
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moft effetual. But it is efpecially of immenfe Service (fo as to be now Le&. XII. 
of general ufe) in the Coal-Works, where the Power of the Fire is made —<“v—~ 
from the Refufe of the Coals, which would not otherwife be fold. 

Ir is now brought to very great Perfection; but it has been~a long 
time in an improving'Condition. I hope it will not be ungrateful to the 
Reader to have fomething of the Hiftory of it before we deftribe it. 


SECTION XIV. 


N the latter End of King Charles the Second’s Reign, the Marquis of 

Worcefter publifhed,a Book, call’d, 4 Century of Inventions, (printed 
at London in the Year 1663,) which he defcrib’d, as having already put 
fome of them in Execution, and’ propofing others as practicable and be- 
neficial ; for which he wanted Encouragement from the Legiflature. 
Several were only Hints, and fome Things he was miftaken in; but one 
of his Propofals in which he is moft explicit, is. that of raifing Water by 
the Force of Fire, turning Water into Steam to prefs up great Quantities 
of cold Water. ‘The Words of the Marquis, N° 68, are as follow : 

* An admirable and moft forcible Way to drive up Water by Fire ; not 
‘ by drawing or fucking it upwards, for that muft be as the Philofopher 
© calleth it, ivtra Spheram Activitatis, which is but at fuch a diftance. 

But this Way hath no Bounder, if the Veffels be {trong enough; for I 
have taken a Piece of a> whole Cannon, whereof the End was burtft, 
and fill’d it + full of Water, {topping and {crewing up the broken End, 
as alfo the Touch-Hole, and making a conftant Fire under it ; within 
24 Hours it burft and made a great Crack: So that having a Way to 
make my Veffels, fo that they are ftrengthened by the Force. within 
them, and the one to fill after the other; I have feen the Water run 
like a conftant Fountain-Stream, forty Foot high: One Veflel of Water 
rarefied by Fire, driveth up 40 of cold Water. Anda Man that tends 
the Work, is but to turn two Cocks, that one Veffel of Water being 
confumed, another begins to force and refill with cold Water, and {fo 
fucceffively ; the Fire being tended and kept conftant, which the felf-- 
fame Perfon may likewife abundantly perform in the interim between 
the Neceffity of turning the faid Cocks,’ 

CapTaAIn Savery, having read the Marquis of Worceffer’s Book, was 
the firft who put in practice the raifing Water by Fire, which he propofed 
for the draining of Mines. His Engine is defcrib’d in Harris’s Lexicon, 
(fee the Word Engine) which being compared with the Marquis of Wor- 
cefter’s Defcription, will eafily appear to have been taken from him ; tho’ 
Captain Savery denied it, and the better to conceal the matter, bought 
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Leé&. XUJsup.all the Marquis. of Worcefter’s Books that,he, could. purchafe in Pater~ 
a No/ffer-Row, and clfewhere, and.burn’d.’em_in the prefence of the Gen- 
tleman his Friend, .who told me,this. He faid that he found, out the 
Power of, Steam by: chance, and invented the following Story. to perfuade 
People to.believe, it,; vz. \that haying drank; a,Flatk .of Florence; ataa 
Tavern, and. thrown..the. empty ,;Flafk.upon, the Fire, he call’d.for a 
Bafon of Water to wafh his Hands, and perceiving that the little Wine 
left in the Flafk had filled up. the Flafk with Steam, he took the Flafk. 
by the Neck and plunged the Mouth of it under the Surface of the Wa- 
ter in the Bafon, and the Water of the Bafon was immediately driven ug 
into the Flafk by the Preffure-of the Air, Now he never made {uch an. 
Experiment then, nor-defignedly afterwards, which I thus prove; ~ ._ 
~-Imapz the Experiment purpofely with about half a Glafs of Wine 
left ina Flafk, which I laid upon the Fire till it boil’d into Steam ;_ then, 
putting on a thick Glove to prevent.the Neck of the Flafk from burn-: 
ing me, I plung’d the Mouth of the Flafk under the Water that fill’d-a 
Bafon ; but the Preffure of the Atmofphere was fo ftrong, that it_ beat: the. 
Flafk out of my Hand with Violence, and threw it up to. the-Cieling. 
As this muft alfo have happened to Captain Savery, if ever he shad made: 
the Experiment, he would not have fail’d to have'told fuch a remarkable. 
Incident, which would have embellith’d his Story. | 

CAPTAIN Savery made agreat many Experiments to bring this Ma-. 
chine to Perfection, and did ere¢t feveral, which rais’d Water very, well 
for Gentlemen’s Seats; but. could not fucceed: for, Mines, or fupplying. 
Towns, where the Water was to be raifed very high, and in, great Quan-. 
tities: for then the Steam requir’d being boil’d up to fuch a Strength; as to: 
be ready to tear all the Veffels to pieces. The Heat, which is fufficient. 
to boil Water, will produce Steam whofe Spring is of the fame Strength. 
as commonAir; but that Steam by the Removal.-of the, Atmofphere and. 
letting it seturn, to. prefs, is only capable of bringing the Water up. to. a: 
little above.30 Foot; but for every 32 Foot that the Water is to be-raifed 

higher, the Steam muft be fo many times ftronger than the Air: for. 
example, if it is to be forced up go or 100 Foot higher than the Receivers, 
where the Steam acts upon it, the Steam muft be three or four times: 
{tronger than the common Air ;. and a, great deal ftronger than that (per- 
haps fix times ftronger) upon the following Account: The hot Steam, 
{triking upon the Surface of cold Water in the Receivers, condenfes it-. 
felf, and thereby becomes uneffectual till the Surface of the Water and a 
{mall Depth of it, is warm enough not to condenfe any more Steam ; and 
then (and not before) the Water yields to the Preffure of the Spring of the 
Steam to make it rife, I have known Captain Savery, at} Asai 
: | , make 
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maké Steam eight or ten times ftronger than cormon Air; and then itsLe&. XII. 
Heat was fo great, that it would melt common foft Solder; and its 

Strength fo great as to blow open feveral of the Joints of his Machine: 

fo that he was fore’d to be at the Pains and Charge to have all his Joints 

folder’d with Spelter or hard Solder. 

Turse Difcouragements ftopp’d the Progrefs and Improvement’ of 
this Engine, till Mr. Newcomen, an Iron-monger, and “fob Cawley, a, 
Glazier living ‘at Dartmouth, brought it to the prefent Form in which 
itis now ufed, and has been near thefe 30 Years. 

Tuo’ his Method differs much from Captain Savery’s, and the Force 
of the Engine is quite different ; yet it is wrought by the fame Power, 
viz. the Expanfion of Water into Steam: and that ‘Power is rais’d by 
Fire. Pn engines | . : 

In my Defeription of this Machine T fhall not. follow the feveral Steps 
of the Improvement’; but fuppofe the Reader quite ignorant of any fuch 
Engine, and lead him as it were by Steps to the Knowledge of its 
Make and Ufe. Aftérwatdst hall thew that Captain Savery’s. Method 
is‘not unufeful’in many Cafes; efpecially when it is changed into the 
very’ firnple’’ Engine, that Po have reduc’d it to, which I fhall’ alio 
es et Te ie 3 

THE 36th Plate’ 'réprefents. a few of the’ principal Parts of the Fire- 
Engine, which we will begin by, to lead the Reader gradually from the 
more fimple to the moft compos’d Parts of the Machine. U 
“From a Well, Pit-or Mine, as P, 50 Yards deep, is to be pump’dPlate 36. 
up the Water with a Pump whofe Barrel is7 $ Diameter ; and therefore 
the Pillar of Water to be rais’d weighs (at a round Number) 3000 ib. 
The Rod of the Pump is 7 faften’d to the Chain 7 H, which hangs upon 
the remoteft End of the Arch H 4 2 g, fix’d to one of the Ends of a 
great Beam 4 2 84, moveable upon the Center 8. Now if to the Chain 
H L, faften’d to the other End of the Beam, be join’d an Hundred 
Ropes for as many Men to pull down in the Direction L/, they. may 
bring down the End 4 of the Beam, and thereby raife up the con- 
trary End of the Beam 4 2, round whofe Arch the Chain Hz wrapping 
itfelf, the Pifton of the Pump and its Rod will be lifted up in the Di- 
rection P p, and a Quantity of Water proportionable to the Stroke yuill 
be lifted up, and run out at P. This may be done 15 of 16 times in a 
Minute, becaufe each Man would pull down but 30 Pounds at a time, 
after the manner that People ring Bells. But as no Time is to be loft, left 
the Mine be overflow’d by the Springs below, there muit be 100 more 
- Men to relieve thefe when they are weary. Now as it muft bea rich 
Mine indeed whofe Profit: can afford to keep 200 Men at this Work; 

Ooo 2 that 
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Leé, XII. that Thought maft be laid afide. We'll confider therefore what can be. 


Plate 36. 


/ done by Horfes. As an Horfe is equal to five Men, we muft work .20 


Horfes at a time to raife the Water requir’d ; and as Horfes mutt. be: re- 
licv’d even more than Men, about 50 Horfes muft be kept to carry: on. 
this Work conftantly, and bring down the End of the Beam 4, 16 times. 
in a Minute, and make the number of Strokes, requir’d in the Pump, 
the Weight of whofe Rod after every Stroke will bring down the End. 
h 2, by drawing along the Tangent 7 H. It is plain to any body, that 
tho’ the Horfes may be had cheaper than Men,, yet that will bea very 
expenfive way. For the next Contrivance, we'll fuppofe a Philofopher 


to come, and find a means to bring down the End of the Beam, with-- 


out Men or Horfes, in this manner. To the Chain H Lhe fixes a 
Pifton L C to go into a Brafs Cylinder L C dx, about eight or nine: 
Feet long, and 22 Inches Diameter on the Infide, where it is fo {moothly 
bored, that the Pifton C_ well leather’d may flip up and down without 
letting the Air paf$ by.. We fuppofe this great Brafs Cylinder, to be fix’d) 
in its Place, and to have.a Pipe dD at bottom, with a Cock in it tor 
open a Way into the Cylinder, or fhut up the Paffage at pleafure,.. Then: 
we fuppofe the Philofopher to apply an Air-Pump at, FE, which ;being 
work’d fome time will exhauft the Space C d n of the Cylinder under, 
the Pifton of all its Air. ‘Then the Atmofphere,. witha Column weigh- 
ing about 5800 Pounds, will in the Dire@tion L C prefs down, the: 
Pilton C to dn, whereby the End. 4 of the Beam. will be, pull’d down,. 
the contrary End / 2 rais'd,-and a- Stroke (made equal, to the, Length 
that the Pifton moves in, the great Cylinder), to, difcharge, ‘Water; by: the. 
Pump at P. The Cock being immediately. turn’d at,D,, and ,the Air. 
let in tothe Vacuum of the great Cylinder, the Pifton will be {upported: 
again{t the Preflure of the Atmofphere by, the re-admitted Air, fo as to. 
have nothing but its own. Weight to keep it down; but that Weight. 
being much inferior to the Weight of the Rod of the Pump.at the 
other End of the Beam, that End & 2 will fall again, and draw..up: 
the Pifton towards L; from whence-it may be brought down by a, fe- 
cond Operation of the Air-Pump at E, -and another Stroke of the Pump. 
made, This would do very well if the Air could be exhaufted fait. 
enough ; but the Cylinder cannot be evacuated above twice in an Hour,. 
whtexeby we can have but two Strokes of the Pamp, whereas we ought 
to have g60 in the fame time; 16 Strokes in.a Minute being requir’d, ; 
to keep the Water in the Mine from overflowing the Works, But now. 

an effectual Method has been found of making a Vacuum under the 
Pifton C, 16 times ina Minute; and that is by ufing the Steam of boil- 
ing Water inftead of Air, (for its Spring may be made as {trong as that 
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of the Air) which performs as much as the Air in raifing the Pifton C, Lect. XII. 
and then is condens’d, and thereby remov’d, by a Jet of cold Water (foS"v>-~ 
as to make a Vacuum) in lefs than two Seconds: and that is done in the 
following manner. 

A LARGE Boiler B of the Figure Do000A 000, is fix’d under the! late 36. 
Cylinder, and made to ‘communicate with it by the Pipe ED d; a 
Steam-Cock or, Regulator 10 E by a Plate at E flipping under the Pipe 
D d, or remov’d from thence by the Motion of the Handle 10, ftops or 
‘opens the Communication from the Boiler to the Cylinder occafionally. 
The Boiler being fill’d with Water up to SBs, a Fire is made at A, 
till the Water boils, raifing on its Surface a Steam a little ftronger than 
Air, but 16 or 17 times rarer, Then (the Pifton C being {uppos’d at 
dn,-kept. there by the Preffure of the Air) by pufhing the Handle 10 
from. 10 towards #, a Paffage of about four Inches is open’d on a fudden 
to. let the Steam out of the Boiler into the Cylinder, where acting under 
the Pifton, it fupports it as much as common Air would have done ; and 
balancing the. Preffure of the Atmofphere downwards upon the Pitton, 
gives liberty to the Pump-Rod, which hangs at the contrary End. of the 
Beam, to go’ down to fetch a Stroke, 

WueEw the Pifton is got upto C, ora little higher, by pulling back 
the Handle 10 towards O, the Plate of the Regulator E fhuts up all 
Communication, fo as to hinder any farther Reception of Steam into the 
Cylinder, Then muft be lifted up the Leaver Oz, (commonly call’d the 
F) fo as to turn by its Teeth the Key of the InjeCtion-Cock at N, - 
which permitting the Water to come, down the Pipe gM N, from the 
injecting Ciftern g;.a Jet of cold Water is made thro’ # again{t the Bot- 
tom of the Pifton, from whence the Drops being fcatter’d over the Cy- 
linder, condenfe the Steam into Water again, making its Bulk 14000, 
TefS than it had when Steam, which makes a Vacuum fufficient for the 
Prefflure of the Atmofphere to act again unbalanced, and raife the other 
End of the Beam with its Pump, to difcharge the Water at, P. , Now 
this Operation is perform’d in two Seconds, which is the fame thing as 
if an Air-Pump could exhauft the Air out of the Cylinder in that time. 
Shut the InjeCtion-Cock, and open the Steam-Regulator to let the Steam 
meet the Pifton, before it is come down,low enough to crufh the Pipe d, 
and it will rife again towards L, a Cup full of Water, (whofe Ufe will 
be explain’d hereafter) from whence it will be, brought down again by 
fhutting the Steam-Regulator, and opening the InjeCtion-Cock as before, 
&c. So that a Man alternately opening and fhutting the Regulator 
10 E, and the Inje¢tion-Cock N, may work this Engine 16 Strokes in a 
Minute. | 
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Le&. XI". "Tus isthe Fire-Engine, in its prefent State; a very’ fimpleand 
—v— plain Machine, where ai immenfely powerful’ Stroke for working of 
Pemps (for the Motion ‘will be juft as eafy when the Area of the Cy- 
linder is Yo times greater) is perform’d by only turning two Cocks alter- 
nately: and'yet’ were a Perfon, ‘who ‘knows’ nothing of the Engine; ‘to 
fee. it the firft time, he would imagine it to-be 'very ‘complex’ by" the 
number of Parts that offer themfelves to view.’ But here we muft  di- 
{tinguith between what performs the material Operations of the Engine, 
and what ferves for Conveniency, and the juft Regulation of the faid Ope- 
rations. For not above the rooth Part of the Power in this Engine, (being 
one of the Engines at Griff near Coventry, as it work’d above 20 Years ago) 
nor the 100th Part in very large Fire-Engines, is employ’d to’ turn the 
Cocks, and regulate all the Motions, as we fhall explain every Part by 
degrees ; firft upon this Scheme referr’d to now ; and afterwards upon 
Schemes reprefenting all the Parts of the Engine’ facceffively, and as they 
are feen all together. an 

y. First, as we muft always have Water in the Ciftern ¢ to inject 
into the Steam to’ condenfe it; there is an Arch fix’d to the Beam near 
h 2, to carry a Chain, and a fmall Pump Rod &, which draws Water 
from a {mall Ciftern near the Mouth of the Pit, (which Ciftern is fup- 
plied’ by fome of the Water rais’d at P) and forces it up the Pipe m m m, 
to keep the injecting Ciftern g always full. ORR oye 

2. In the next place, as the Pifton C, which moves up and down 
the Cylinder, ought to be Air-tight, a Ring of Leather, or a Piece o: 
Match, which lies: upon its Circumference next to the Infide of the Cy- 
linder, muft be kept moift, and fwell’d with Water. This is fupplied 
from the injecting Ciftern by a fmall Pipe 2 always running down upon 
the Pifton, ‘but in a very fmall Quantity if the Work be well perforin’d. 
L is a leaden Cup, whofe Office is to hold the Water that lies on the 
Pifton, left it fhould flow over when the Pifton rifes to its greateft 
Height in the Cylinder, as W; at which time if the Cup is too full, the 
Water will run down the Pipe L V into the wafte Well at Y. 

3: ‘Tuirpry, as the Water in the Boiler B muft wafte by degrees, 
as it is conftantly producing Steam, and that Steam continually let out 
for working the Engine; there ought to be a conftant Supply of the 
Water to boil. This is perform’d by means of the Pipe F / about three 
Feet ‘long, going down a Foot under S, the Surface of the Water in the 
Boiler, with a Funnel F at top, always open, and fupplied by the Pipe 
W with Water from the.Top of the Pifton, which has the Advantage of 
being always warm, thereby not fo apt to check the boiling of the Wa- 
ter, as if it was quite cold. | 
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4. Fourtuuy; Asthe Boiler will be in danger of burning, if the Lect. XI. 
Water boiling away too fait, the Surface of the Water finks much below “~Y—~ 
Ss; andif it be fed too faft, there will not be room above the Water to 
have-a fufficient Quantity of Steam gather’d; there are two Gage-Pipes 
in the Plate-G, (which Plate opens occafionally for a Man to go into 
the Boiler) one of which has its lower End above the Surface of the 
Water; and the other has its lower End within the Water: the Ofhce 
of which Pipes is to thew whether the Surface of the Water be neither 
too high nor too low, but exactly at 5 5. Becaufe then, upon opening 
the Cock of the fhort one, it will give only Steam; and the long one 
open’d will give.only Water. But if both give Steam, the Water is ‘too 
low in the Boiler ; and if both give Water, the Surface is too high, By 
this means the feeding Cock at F from the Pipe V may be fo: much: 
epen’d, as to feed the Boiler neither too faft nor too flow. ~ 1 

. Firruty, As cold Water is injected into the Cylinder at» every’ 
Stroke, that Water might in time fill the Cylinder, and hinder the Ope-. 
ration of the Engine; there is a Pipe coming from the Bottom of the: 
Cylinder d T Y, call’d the EduGtion-Pipe, thro’ which the Water that 
has been injected, comes down every time the Steam is let into the Cy-. 
linder. This Edu@tion-Pipe goes an Inch or two under Water in the 
watte Well Y, and having its End turn’d up is fhut with a Valve Y to: 
keep out the Air from preffing up into the Pipe, but allowing the in-- 
jeGied: Water coming the. other way to be difcharg’d: whereby the Cy- 
linderis keptempty. | 

6. Sixtuy, If the Man who turns the Regulator to E, and the 
InjeGtion-Cock N, when the Pifton is coming down, opens the Regu- 
lator, and. lets in the Steam too foon to raife the Pifton again, the Stroke 
will be dhorter'than it ought to be; and if he does not open the Regu- 
lator foon enough, the Pifton coming down with a prodigious Force 
will very probably ftrike againft the Throat-Pipe D d, at d, and crafh. 
it to pieces. Likewife, when the Regulator is open, the Steam going 
into the Cylinder, and the: Pifton rifing, the Stroke will not have its full 
Length if the Steam is turn’d off, and the Injegtion of cold Water made 
too foon ; and if it be made too late, the Steam may throw the Pifton 
quite out of the Cylinder at top at L. Now-therefore to prevent all 
fuch Accidents, the Improvers of this Engine have found out a Method 
to make the Engine itfelf open and fhut. the Regulator and Injection-- 
Cock, at proper Times and Places. This is done by fixing another Arch. 
to the great Beam towards #, from which by a Chain hangs a perpendi- 
eular working Beam or Plug, (of which you fee Part at Q.) which. 


comes down quite thro’ the Floor below: the Bottom. of the Cylinder, 
and - 
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Leét: XH.and is guided in paffing thro’ an Hole in the Floor,. which it exactly fits, 

Lemy~ed This working Plug having a Slit in it, and feveral Pins, gives Motion to 
feveral Leavers, which cpen and fhut the Regulator and Injeétion- Cock 
at proper Times, as we fhall thew in a further Defcription hereafter. 

7: SEVENTHLY, Left the Steam fhould grow too {trong for the 
Boiler, and burft it, there is a Valve fix’d at 4, with a perpendicular 
Wire ftanding up from it, to put Weights of Lead upon it, according to 
the Strength of Steam that you would have; that if the Steam is {tronger 
than you want, it may lift up the Valve, and go out, ‘This is commonly 
call’d the Puppet Clack, i 

8. Ercu tary, In Captain Savery’s way of working, the Steam was 
forc'd to be made eight or ten times ftronger than common Air, { that 
there was fometimesa Force of near 150 Pounds pufhing outwards upon 
every fquare Inch of the inward Surface of his Boilers; which Force 
they could not fuftain without being {pherical, and confiderably thick, 
But here the Steam is but a little {tronger than Air ; the Boiler is made 
hollow at bottom, and with Flanches, (fee the F igure) the better to re- 
ceive the Heat of the Fire, which needs not be greater than that which 
boils the Liquor in a Brew-houfe. Nay, the Top of the Boiler S Ds, is 
commonly made of Lead, and very well bears all the Preflure of the 
Steam. : 

g. NinTuHLy, The Steam isin a fluctuating Condition, fometimes 
{tronger and fometimes weaker than common Air 3 but never +, ftronger 
nor + weaker, asI hall fhew, and any one may deduce from obferving 
the Engine work. 

WueEn the Regulator at D is fhut, all the Steam is contain’d in the 
Space SD s; and then, as Mr. Beighton found it, the Engine work’d well, 
when there was the Weight of one Pound on every {quare Inch of the 
Puppet Clack 4, which fhew’d the Steam to be yz Part ftronger than 
the common Air, Now as the Height of the feeding Pipe from the 
Funnel F to the Surface of the Water Ss is not three Feet high, (as 
3 = Feet of Water are equal to =. of the Preflure of the Atmofphere) if 
the Steam was =. ftronger than Air, it would puth the Water out at 
F); which fince it does not do, it cannot be {tronger than Air, even in 
this its greateft Confinement, 

Wuen the Regulator is open, the Steam gives the Pifton a Puth on 
the under fide, which raifes it up a little way; then occupying more 
Space, the Steam comes to be a Balance only for the outward Air, and 
fo only fuftains the Pifton ;*but the Over-weight of the Pump-Rods at 
the contrary End of the Beam 4 2 draw up the Pifton beyond C as far 
as W. The Steam then expanded {0 as to fill up all the Cylinder would 

not 
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nt quite fupport it if it was not for the Over-weight above-mention’d. Lect, XII. 
If this was not true, when the End 4 2 is down as Jow as it is to go, and She eae 
refts upon the Beams that bear its Center, the Chain I Ef above the rite: 
Pifton would grow flack, and the Pifton might fometimes be pufh’d out 
of the Cylinder, ‘which neyer happens. ie at al 


“Acarn, when’ firft the Steam is let into the Cylinder, the injected 
Water is puth’d by it out at the Eduétion-Pipe @'T Y, and is all out of 
the Cylinder by that time that the Pifton is got up to C. Tr then “the 
Steani was’ ftronger than Air, it wotild, after. the Water, blow out at 
YY, the Valve ¥ not being loaded, which it never does. Here it may’ 
be objected; that if the Steam be weaker than Air, how. comes the 
Valve to open at all to let out the’ injected Water ? To which we anfwer, 
that the Bottom of the Cylinder at d being at leaft four Feet in perpen- 
dicular Height above Y, the Steam, when’ weakeft (fuppofe by #5) is 
affifted in its Preffure by a Column of Water d Y four Feet in perpendi- 
cular Height, and therefore equal to near 4 of the Weight of the At- 
mofphere: But 1r— 7 4-418 equal to" and 22., and therefore ca- 
pable of lifting up'the Valve Y, which’ is only kept down by 1 the 
Weight of the Atmofphere, and itsown Weight; that is, not the goth 
Part of it} All the injected’ Water therefore goes down, and out at Y, 
till the’ Surface of it! be comie’ down’ to T, where it refts, when the 
Height’ 'T Y is but'equal'in Preflure to 4 Part of the Weight of the 
Atmofphere; which: join’d to the Steam now weaken’d, makes it ca- 
pable: to-prefs neither more nor lefg than the common Air. 

10. TENTHLY, As there is Air in'all the Water that is injected 5 
arid that‘Air cannot be taker out, or condens’d with the Steam by the 
Jetof'cold Water coming in at 7, the whole Operation would be di- 
-ftarb’d, and only a’ very imperfect Vacuum made. But there is a 
Coritrivance’ to get'rid’ of that Air, which is done effectually, and itis 
thus. 

We ate to remember that when Steam is become as’ ftrong as Air, it 
is above 16 times rarer ; fo that it will precipitate in Air as Quickfilver 
would in Water. ‘Therefore all the Air extricated from the injected 
Water lies at the Bottom of the Cylinder over the Surface of fo much of 
the injeGted Water as is come down to d 2. Now there is without the 
Cylinder at 4 a little Cup with a Valve, and from under the Valve a 
Pipe going laterally into the Cylinder above its Bottom, to receive the 
Air into the Cup, which at every opening of the Regulator is pufh’d out 
into the Cup, and blows out at its Valve, when the’ Steam firft pufhes 
in with a Force’ ftronger than Air, which drives out all the Air from 
the’Cylinder. The Steam does not follow, becaufe being now become 
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weaker than Air, as we have fhewn, the external Air being ftronger 
fhuts the Clack at 4. N.B. This is call’d the Snifting Clack, becaufe 
the Air makes a Noife every time it blows thro it, like a Man Jnifting 
with a Cold. 

11. Ir the Reader is not acquainted with the Hiftory of the feveral. 
Improvements of the Fire-Engine fince Mr. Newcomen and Mr. Cawley 
firft made it go with a Pifton, he will imagine that it muft be owing. to 
great Sagacity, and a thorough Knowledge of Philofophy, that fuch > 
proper Remedies for the Inconveniencies and difficult Cafes mention’d 
were thought of: But here has been no fuch thing ;. almoft every Im-- 
provement has been owing to Chance, as I fhall thew in the Notes By 
where I fhall give the Hiftory of thofe Improvements. . 

In the mean time, by help of other Figures, I hall go on with the. 
Defcription of the Engine in its prefent Form and Manner of working, 


Plate 37. Sates 
12. Tue working perpendicular Beam, Part of which was only re-, 
prefented in the laft or 36th Plate, is here reprefented.in the whole, with 
all its Contriyances for opening and fhutting the Regulator and InjeGtion- 
Cock, and mark’d Q_Q. This Machinery is all contain’d within the 
Compafs of the Letters DdC6P541QNFE; but its Parts are. 
drawn {fo {mall here, that you muft at the fame time have before your 
Eyes the next Plate 38, which in its fixth Figure has all the Machinery 
above-mention’d much larger, and in other Figures every Part by itfelf, 
which by this means we may fully explain. | | Ob. 
BrTWEEN two perpendicular Pieces of Wood on each Side of P, (in 
this 37th P/ate) and mark’d A B in Fig. 6, of Plate 38. there is a 
fquare Iron Axis A B, (particularly reprefented Plate 38. Fig. 1.) which 
has upon it four Iron Pieces fubfervient to the turning of the Regulator; 
by fhooting forward and drawing back the Fork faften’d to the Handle of 
the Regulator, (Plate 37.) and mark’d QOEL, (Fig. 6. Plate 38.) 
or by the Letters NOM, (Plate 38. Fig. 2.) There isa Slit in the 
perpendicular working Beam contriv’d in fuch manner that its Pins work 
on the fore part, middle, and back part, to raife and deprefs the Leavers 
5, 4, that move the Iron Axle-Tree above-mention’d as far about its 
Center as is neceflary. But the Reader will conceive the Thing better 
by a View of the Pieces in P/ate 38, and then be enabled fully to under- 
ftand the fame Things in Plate 37. | 
Tue firft Figure A B reprefents the Iron Axle-Tree already mention’d, 
and mark’d by the fame Letters in Fig.6. There is a Piece ce DB, 
calfd the Y, from its reprefenting that Letter by its two Shanks, only 
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hanging down in an inverted Order, witha Weight F to be flipp’d on Lec, XII. 
upon its upper Part, where it is made faft higher or lower, as is conve- ““~—~ 
nient, witha Key or Wedge. This Y being flipp’d on over the End B 

of the Iron Axle is made faft by driving in a Key after it ate : then there 

is a fort of a Stirrup I K I, with a long Pin L to be fix’d occafionally 
into the Holes.on each Side of K: this by its Hooks I I is hung upon 

the Axle at 77, then a Spanner or Handle G 4 is driven on upon the Axle 

from the other End, fo as to come and be faft at.g at right Angles:to the 

‘YY: then a fhorter Leaver or Spanner at half right Angles to this, (that 

is, between the long Shank of the Y and G 4) is forc’don to 4, upon the 

Axle, where it is made faft. All thefe Pieces, as they are fix’d together 

on the Axle, may be feen at. Figure 6; where you may obferve, that 
when the working Beam goes up, bya Pulley held: in its Middle by the 

Pin g, it lifts up the Spanner H 5, which turns the Axle {o far as to throw 

the Y with its Weight F from C to 6, in which Direction, after pafling the pate 38. 
Perpendicular, it would continue to move towards Q., if it was not {topp’d Fig. 6. ; 
by a Strap of Leather fix’d to its Top at GE, and made faft at the Points m 2, 

in fuch manner as to allow the Y to vibrate about a quarter of a Circle 

in falling forwards and backwards after it has pafs’d the Perpendicular. 

. Tue fecond Figute reprefents the. horizontal Fork M O.N to be 
join’d at its End O to the Spanner or Handle of the Regulator Pg Q to, 

there being feveral Holes in thefe Pieces, that any Part of the End O 

may be kept in any Part of the Slit in the Spanner, as may be requifite 

for the better Motion of the two Pieces. This may be feen in Figure 6, 
where the other End-ofthe Fork is faften’d to the Bottom of the Stir- 

rup at EK N L, by the long horizontal Pin L, fo that the Fork may 
continue horizontal, as it isfhot forward, and drawn back by the Strokes 

that E and D, the Shanks of the Y, make alternately on the fore part 

or back part of the Pin L, in order to pufh forward, or draw back the 
Spanner P 10, to fhut or open the Regulator in the manner that fhall be 
further explain’d: we will only take notice now, that there is an hori- 
zontal Piece uJ, fo plac’d, that the End 10 of the Spanner may bear-upon 

it, and be fupported, as it flides backward and forward. 

Tue prefent Situation of the Machine, as now reprefented by this 
fixth Figure of Plate 38, is as follows. The Regulator is open, as ap- 
pears by its Plate T Y being remov’d from under the Communication or 
Throat-Pipe S S, that goes into the Cylinder. The Pifton is now up 
about the Place C W, at top of the Cylinder in Plate 37, confequently 
-the great Beam, and the working perpendicular Beam are now almoft at their 
utmoft Height: and the Pulleyin the Slit of the working Beam on the Pin q, 
has fo far rais’d the Spanner H 5, that the Weight or Head of the Y 1s 

Ppp 2 brought 
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Lect. XII. brought fo far from under 7, as to be paft the Perpendicular over: the: 

y= Axle; and being ready to fall over towards m, it will with a fmart Blow 
of its Shank E ftrike the Pin L, and drawing the Fork O N horizon- 
tally towards the working Beam, willdraw the End 10 of the Handle 
of the Regulator toward /, and thereby fhut it, by flipping the Plate 
¥ under the PipeSS. The Engine in Plate 36. is in this very Condition ; 
but in Plate 37 the Blow is already ftruck, and the Communication cut 
off ; as may be known by obferving that the Weight at the Head of the 
Y is got to 6, as far as the Strap P6 (mark’d # 6 in the fixth Fig, of 
Plate 38.) will let it go. 

13. Bur now, before we proceed, it will not be improper to give a 
full Defcription of the Regulator. See Fig. 3. of Plate 38. 

A Cock of four Inches Water-way, big enough to let'the Steam out 
of the Boiler into the Cylinder, would, have fo much Frition; if made 
tight, as to require a great Force to turn’ it,vefpecially ‘as it mutt open 
and fhut 32 times in a Minute, therefore the Regulator has been con. ° 
triv’d inftead of it. ai BRC 

Tue Brafs PlateR, which you fee hereat RR in Fig. 6, and at DE 
in Plates 36 and 37, and L in Plate 39, in the middle of the top of the - 
Boiler, is caft with the Pipe § S$ ‘8 of four) Inches’ Bore, and. work’d 
fmooth at its Hole under the Plate, thatiit may be clofely ftopp'd’ by ane 
other fmooth Plate y Y y apply’d under it, (where the Prefiure of the 
Steam will hold it the clofer when fhut.) There is alfo in the Plate 
R R, a fhort Pipe or conic Hole, {malleft downwards, to: receive the 
Piece V W X, which being ground into it can inove round without letting 
Air or Steam pafs by. There isa fquare ShankZ Z; which is put thro” 
this laft Piece when itis let down intoits Hole; and pinn’d tight to it at 
the upper Z, Then the Spanner of the Regulator being put on, ‘and 
made faft at V and W, as may be plainly {een in Fig: 6. Plate 38. 
where the whole Regulator is put together. This Regulator opens very 
quick, and ten times eafier than a Cock of the fame Bore: and to help 
the whole, the' Weight F of the Y, ‘when it’has pafs’d the Perpendicular, 
falls with a good Force, which makes the Shank under it give a fmart 
Stroke, either within the Fork or without, ‘to drive the Fork, and draw _ 
the Handle of the Regulator contrary to the way that the Weight is fall- 
ing: the Weight caufing the Regulator to be ‘fhut when it tumbles tc- 
wards it, and be open’d when it tumbles fromwards it. ! 

14. WweEn the Regulator is {hut, the next thing is to open the 
InjeCtion-Cock to make the Vacuum, and immediately to fhut it 
when the Pifton begins to come down, (for the Vacuum is made 
ina Second of Time) and this is explain’d by Fig. 4. of Plate 28. 

I dc 
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dc reprefents by two prick’d Lines the Bottom of the Cylinder to-Leé. XII. 
wards the Injection, and » the Adjutage of the injecting Pipe with- —“v—~ 
in the Cylinder; @ 4 Part of the Pipe coming from the injecting 

Ciftern, c 5 the Cock, and e the Key of the Cock that has a narrow, 

long, upright Hole inftead of a round one, that it may be the fooner 

open’d. Upon the Top of this Key is faften’d on a Quarter of a Wheel 

with Teeth /, to be turn’d by another Quarter of a Wheelz hanging down 

from the Axis 4 g, which is mov’d by the Leaver 4 #, commonly 
cal?dthe F: See the fixth Figure of this Plate, where they are working 

together, and you may fee how the perpendicular Beam moves them, 

by its Pins. 

Tue Moment after the Regulator is fhut, the Beam not immediately 

lofing its. Motion upwards, the Pin s on its Ouatfide lifts up the End 1 of 
the F, 4.27, and opens the Injection-Cock; and the Jet immediately. 
making a Vacuum, the Beam begins to defcend, and the Pin r (which 
you may put higher or lower) deprefling the F, fhuts the Injection- 
Cock: then the Beam continuing to defcend, the Pulley , preffing on | 
the Handle G 4, throws back the Y, whofe Shank D throws forward. 
the Fork, and opens the Regulator to let in frefh Steam, in the manner 
already defcrib’d ; which Steam is fhut off, by fhutting the Regulator till 
the Cock: for InjeGtion of cold Water is again open’d, Ge. 

NB. There ts 2 way of opening and fhutting the Injettion-Cock diffe 
rent from this with the Quarter Wheels; more ufed, and I think a great 
deal better; becaufe it moves with a Ferk, which ts the beft way to over- 
come Fricizon. | | 

Plate 38. Fig. 7. | 

Ar the Center'c of the F, K f there is a double Piece H making an 
Angle, to take between its Claws the Spanner H G of the Key of the- 
Cock, which it can turn fufficiently to open and fhut the ‘Water-way. 
At the fhort End of the F is fix’d a Weight W within half an Inch of 
the End. ‘When the Injection fhould be fhut, the End of the F at K 
is lodg’d upon a Notch of'a Piece hanging down at K D. But when: 
any Part of the Machinery coming from the Plug or working Beam: 
puthes off the Piece K D, the End of the F, with its Weight W, falls. 
down with Force upon the wooden Block B, where it remains till one 
of the Pins of the Plug preffing upon the End f ofthe F, lodgesthe con- 
trary End and Weight W at D, thereby ftopping the Injection, which is 
nenew’d again next Stroke by the Removal of D, Gc. 


Plate 
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Plate 38. Fig. 8. ban 
15. Tue 8th Figure of this Plate thews how the Iron Rods of the 
Pumps in the Well are joined together. AB is one End of a fquare Rod © 
that has a Stud or fhort cylindrick Piece, thorter than the Bar is thick; 
fixed to it at right Angles near its End B at 2, and an Hole at 1, the 
Rod being a little thinner at B than elfewhere. ‘The End of another Rod 
C, has a fhort Cylinder 1 to go into the Hole 1 of the other Bar above- 
mentioned, and an Hole at 2 to take in the other Bar’s fhort Cylinder 2 ; 
when thefe Bars have their Ends laid upon one another, the little Cylin- 
ders are hid, and the Bars appear only to have a {quare Swell as at F, 
Then taking the {quare Iron Collar D put it over the Bars at G and drive . 
it to F, where it will remain faft ; efpecially becaufe E is the lower Part 


of the Rod, and the leaft fhake at F rather faftens than loofens the fquare 
Collar put on. 


Plate 38. Fig. 9. . 

6. WHEN we are to bring up the Water from a great Depth, as here’ 
from 50 Yards, if we endeavour to do it at one Lift, we thall burt the 
lower Pipes, unlefs they be.of Iron, which. will be coftly ; but Wood 
will ferve very well, if we divide the Work into three Lifts, of so Foot 
each. The way to do this is to divide the Iron Rod that goes down into 
the Mine into three, and work three Pumps at once with two Cifterns 
by the way, and the laft at top as ufual. The firft or loweit Pump PO 
is made in the following Manner. Oo is the fucking Tree at the Bottom 
of the Pit, which has its fucking Valve near 0; 0 p is the Pump-Barrel of 
Brafs or Iron, in which the Bucket works; p the upper Tree or Tree 
of Delivery, thro’ which the Water is brought up, and comes out at — 
Z into the Ciftern ZPQ; in the lower Part of which the fecond 
Pump is placed to draw up the Water, which is raifed thither into the 
fecond Ciftern SR a. 


Tue Rod ZZ which draws Water from the Bottom is at W Y branch’d 


out into another Rod WY kept afunder from it by the little horizontal 


Crofs-Bar ZV, and fo goes thro’ R, the Tree of Delivery to work its 


‘Bucket in the Barrel r, to draw out the Water from 1 thro’ the fucking 


Tree Q in the manner above-mentioned. ‘This fecond Rod goes on 
upwards to W W, to join to the principal or firft Rod from the Beam 
at V, from whence is branch’d out another Rod towards T, which goin 

thro’ the ‘Tree of Delivery T plays its Bucket in the Pump-Barrel ¢, which 
is made faft to the fucking Tree s§.of the laft Lift ftanding in the loweft 


Place of the fecond Ciftern S2, 


THE 
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Tue Bucket of this Pump (which is a fucking and lifting Pamp, ufed Led. XII. 
at the Machine at Griff) together with’ the Valves in the Trees, is des “~~ 
fcrib’d at Page 157, and 158, where I {peak of Pumps; the feveral 
Parts defcrib’d. being reprefented by the Figures 7, 85°09, 10, 115,1 Sahay 
14,15, and 16, of Pélate 14. 

Tue particular Defcription of the Pump-Barrels and bored Trees come 
next. 

Plate 38. Fig. 10, 11, and 12. 

Tue roth Figure reprefents a Cylinder of caft Iron or Brafs, here of 
73. Inches Diameter in the Infide, of about 9 Feet in Length, very: 
{moothly bored from P to O, with Trunnions RR like a Cannon for 
the better Management of it, with a Shoulder at 3 and Q, and taper at 
the Ends from Q_to P, and from S$ to O; in order to drive the lower. 
End into the fucking Tree (Fig. 11.) at LB, where it is fecured by an. 
Tron Hoop driven into the End of the Tree, as is fhewn by the prick’d. 
Circle, the whole Bore of the Tree below it being alfo fhewn by prick’d 
Lines. on each Side of N andO. HH is a {quare Hoop of Iron the. 
better to fecure the fucking Tree, either when the Pump-Barrel is driven. 
into it, or the {quare Plag KI, which ftops a {quare Hole to come at the 
fucking Valve which is fix’d at the Height of HH. WN. B. When this 
Plug is in, it is fecur’d in its Place by Iron Bars and Screws, In the Bot-. 
tom of the fucking Tree is driven a {hort Iron Pipe full of Holes C3 O, 
to prevent Dirt and Coals from coming up with the Water ; and a {trong 
Iron Hoop AG is afterwards driven on upon the lower End of the Pipe, 
to keep all tight. When the Pump-Barrel PQ RRS O ftands faft upon. 
the fucking Tree at LL, the lifting Tree ZW XT VY, of Fig. 12. 
(fometimes called the forcing Tree) 1s at its Mouth VT driven on upon » 
the taper End OP of the Pump-Barrel, being alfo fecur’d by an Iron 
Hoop between V and T, and another eight-fquare one at Y. Thro’ this 
Tree is let down the Bucket and Rod from above ; the Bucket quite into 
the Pump-Barrel. And if the Bucket fhould at any time be foul, it is 
drawn up into this Tree between VT and Y X, whilft a Man goes down : 
into the Well, and cleans it by taking out the Plug at X. 


Now we come to confider the Houfe in which the Machine ftands, and 
the particular Make of the Bosler and. Cylinder, and the Manner of fet- 
ting the fir in Brick-Work, and making faft the laft in the Middle of 
the Hou/e. . 

Plate 39. Fig. 1. 

Tue firft Figure reprefents the Place of the Machin. EBCD 1s 

the Plan of the Walls of the Houfe. f/f the Plan of the Boiler; ¢ thal 
, O 
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Leé&, XII.of the Cylinder; a4, a6, that of the Beams that fupport the Cylinder, 

ty and of the Beams between which the great Beam plays. ¢d' the great 
Beam, whofe one End is at ¢ over the Cylinder, and the other’ over the 
Pit at @. 

Fig, 2. 
Tue fecond Figure reprefents the Upright of the four Walls:of the — 

Houle, of which CD and EB are fuppos’d to be oppofite to each other, 
the Doors and Windows being in:thofe Walls. ‘Fhe two DE and BC 
are alfo oppofite. The Wall DE has in itan Arch mn, under which 
the Boiler is fix’d, and the Chimney of the Furnace is mark’d in prick’d 
Lines. Here are-four Holes aa, aa, the uppermoft of which receive 
the Ends of the upper Beams between which the great Beam plays; and 
the two lower Holes receive the Ends of thofe Beams to which the Cy- 
linder iss made faft. See Plate-37. In the other Wall, BC 44 reprefent 
the Holes in the-Brick-Work for the other Ends of the Beams that fup- 
port- the Cylinder, and at g isthe Window where the End of the Cylin- 
der goes out ; its Center-Pin’ or Gudgeons playing’ upon Braffes: in the 
two Pieces over aa. - The way of the Pipe feeding the Ciftern of Injec-. 
tion is here mark’d in prick’d Lines. Hereunder is a Scale of Feet for 
the- Engine-Houfe at Grz# here reprefented. 


Fig: 3. 

Tue third Figure reprefents the Section Plan or horizontal SeGtion of 
the Brick-Work under the Boiler. @ 40 is the Front of the Brick-Work, 
with the Door of the Fire-Place im its Middle. dc d are the Bars-upon 
which the Coals are-laid. The Fire fpreading over the Space bdedc 
goesinto the Flue at ¢, and fo round the Boiler in the Channel: g by and 
fo up into the Chimney. N. B. It'is obferved that the little Paffage be- 
tween d and d from the large Fire into the Flue is of great ufe-in quicken- 
ing the Draught. 

. aT eae ; 

Tue fourth Figure fhews the upright or vertical Section of the Boiler 
and Brick-Work, (fee Plate 36, and 37.) where all round the Bottom 
oo and under the Flanches rs from o tos the Fire coming from 7 is 
caitied obliquely upward round the Boiler. Between & and 1-is the 
Strength of the Brick-Work, at g the Surface of the Water, at / the 
Steam-Pipe, and the Afh-Hole atm. | 


| Fig. 5. 
Tire-fifth Figure fhews the Manner of joining together and riveting 
the Iron Plates of Mr. Parrot’s Invention, which: lafts much longer and 
cofts 


Fir eEsENGIUINE. 481 


-cofts five times lefS than the Copper Boilers... uuu is the Bottom, and Lect. XII. 
uw xy thew how the Sides rife to make the Flanches. Sine 

Tue 6th, 7th, and 8th Figures reprefent the Cylinder and the Top Fig. 6, 8. 
of the Boiler. | 

Tue fixth Figure BA CD reprefents the Section of the Cylinder caft 
and bored. 4 its firft Flanch fmooth at top to bear againft a Floor or 
Beams, and keep the Cylinder from being pufh’d upwards, de a ftrong 
Flanch in the Middle, to keep the Cylinder from going down, with 
Pieces ftanding out at s,e, and (fee Fig, 8.) to make it faft to its fupport- 
ing Beams. There is another Flanch at bottom at DC, with Holes all 
round to receive Screw Pins to faften on the Bottom, reprefented in Sec- 
tion of Figure 7. where /G is the Throat-Pipe, whofe. Bottom has alfo a 
Flanch to join it to fuch another in the Top of the Pipe of the Regu- 
lator Plate, which is-feen in Fig. 3. and Fig. 6, of the 38th Plate. ‘The 
8th Figure is the Cylinder in Perfpective, look’d at from below, to thew 
the feveral Parts of the Bottom and of the Cylinder on its under Side, 
while 44 {hew the Screws and Nuts.on the upper Side which hold it to 
the Cylinder, to whofe Bottom it is mace tight with a Ring of Lead be- 
tween. E isa Pipe that leads to the fnifting Clack. F leads to the H+ 
duétion Pipe, and G to the Boiler. H isa new Improvement for the bet- 
ter feeding of the Boiler, in. the following manner. y, 

16. Ir had been found of benefit; to feed the Boiler with warm Water 
coming from the Top of the Pifton rather than cold Water, which would 
too much check the boiling, and caufe more Fire to be needful.., But 
after the Engine had been placed fome Years, fome Perfons concerned 
about an Engine obferving that the injected Water as it came out of the 
Edudtion Pipe was fealding hot, when the Water coming from the top of 
the Pifton was but juft luke-warm, thought it would be of great advan- 
tage to feed from the Eduction or injected Water, and accordingly did it 
in the following manner, which gave a ftroke or two of advantage to 
the Engine. 

To a fhort Pipe under the Bottom of the Cylinder Frg. 8. he join’d Plate 39- 
the Leaden Pipe H, fomething more than a Foot long, turn’d up at a 
with a Valve on I, to be loaded with about 2 Pounds upon an Inch, Juft 
under the Valve he carried a Communication into the feeding Pipe 17, fo 
that the Boiler was fed at every Injection of the Steam, 

Here a Philofopher may afk, how the Steam (which mutt be as ftrong, 
if not ftronger, upon the: Surface of the Water in the Boiler, as upon 
the Surface of the injetedWater that lies at the Bottom of the Cylinder ;) 
will yield fo as to allow any Water to come into the Boiler thro’ the feed- 
ing Pipe, by the Preflure of the Steam in the Cylinder? To which may be 

Vou. Il. Q4qq anfwered, 
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Lect. XII. anfwered, that if the Steam upon both thefe Surfaces preffes equally as 

Pues, > Steam, we muft add to its Preflure on the Eduction-Water the Height 

Fig. ¢? of a Column of Water 4H, together with the Height in the feeding Pipe 
from I to the Surface of the Water in the Boiler ; andthen we have fuffi- 
cient Force to feed the Boiler. 

17. To judge of the Power of this Engine, we muft confider what is 
the Weight of the Pillar of the Atmofphere that prefies on the Pifton, 
which is always proportionable to the Square of the Diameter of the Cy- 
linder, Mr. Newcomen’s way of finding it was this: From the Diameter 
{quar’d he cut off the laft Figure, calling the Figure on the left hand 
long Hundreds, and writing a Cypher on the right Hand, call’d the Num- 
ber on that fide, Pounds; and this he reckon‘d pretty exact at a Mean, 
or rather when the Barometer ftood at 30, and the Air was heavy. 
N. B, This makes between 11 and ¥2 Pounds upon every Juperfictal round 
Inch, Then he allow’d between 4 and 4 Part for what is loft in the 
Friction of the feveral Parts and for Accidents: and this will agree pretty 
well with the Work at Griff Engine, there being lifted at every Stroke 
between 4 and 3 of the Weight of the atmofpherical Column prefling on. 
the Pifton. We'll give the thing in round Numbers. : i 

DraMETER Of the Cylinder == 22 Inches; this {quar’d is 484. Cut 
off the laft Figure, and you have 48 hundred. | 

Tue Pillar of Water weighs about 27 hundred, to which adding: the: 
Weight of 73 Yards of Iron Rods, vz. about 9 hundred, the Weight lifted 

Plate 36,%37-at the. End of the Beam 42 would be 36 hundred. | Plate 36, and 37:. 
~ From which we muft fubftra@t about 4 hundred for the Pifton and 
Weight at the other End of the Beam 4; reducing it to.32 hundred. 

So that the Weight of the Atmofphere 48 hundred, works with eafe 
a Weight of 32 hundred with a Velocity of 6. Foot in 2 Seconds; for- 
‘we only confider the rifing Stroke. | 
+! Tus Engine at a Coal-Mine at Grif, from whence the Draught 
was taken, did difcharge as much Water as did before employ more than 
50 Horfes, at an Expence not lefs than goo/. a Year ; whereas the Fire. 
in Coals, Attendance, and Repairs, did never coft more than 150 /._ a. 
Year in this. Engine, | 

| Plate 39. Fig. 13. | 
iowa Tur 13th Figure reprefents the Pifton made of a thick Brafs Plate 
‘613: with an Iron Shank DB going thro’ its Middle, and: faften’d underneath © 
by a Nut, or a Key, and made Air-tight there. To make it Air-tight 
round its Circumference C A next to the Cylinder, a long narrow Piece 
of Leather like an Horfe-Bridle ee is turn’d round, fo as to have its 
Edge next to the Sides of the Cylinder on the outer Side of the neha 
. | ins 
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Pins Mark near C and.A. To keep the Leather from quitting the Sides Le&. XII. 
of the Cylinder, and contracting it felf towards B, 4 or 5 Pieces of Lead, “—“v—~ 
flat and circular, with their Ends turn’d up as GF, are fet upon the Pifton- 
Plate, fo as juft to touch the Leather on the Infide, which they fhove 
outwards in the working of the Pifton, being loofely join’d to one ano- 
ther by {mall Pins at F, fo as all together to make a Circumference of a 
Circle eafy to dilate or contract, to prefs againft or yield to the Leather, 
as the Pifton goes up and down, NV. B. Sometimes only a long Piece of 
Match, or a foft Rope well foak’d keeps the Pifton tight inftead of 
Leather. : 
\ 
The Operation, or Manner of firft fetting the Fire-Engine to work. 
Plate 38. Fig.6. & Plate 37. 

BErore you truft the rifing and falling Beam (or working Plug) to 
turn the Cocks and regulate the going of the Engine by its Pins and 
Pulleys, your Labourer who looks after the Engine fets it going in the 
following manner: The Pins and Pulleys being all ready for the Plug, 
but not fix’d into it till he has found the proper Places for them, the 
Regulator being fhut, he obferves when the Steam rifing from the boiling 
Water is {trong enough to raife the Puppet-Clack a little; then with his 
right Hand taking hold of the Handle 4 of the Spanner 4G, depreffes it, 
which turns the Axis AB part of a Turn, and thereby brings over the 
Y towards 7, whofe Shank D ftriking the Pin L {martly, fhoots forward the 
Fork to pufh on the Spanner of the Regulator, and open it. The Steam 
immediately going into the Cylinder, the Pifton rifes, and with it the 
great Beam, When the Pifton is up at its full Height as CW, (Plate 37.) 
the Operator, (tho’ out of fight of it) knows it by fome Mark upon the Plug 
Q Q, which isftill rifing, and raifing the Handle 4, throws over the Y to- 
wards m and fhuts the Regulator ; but marks with Chalk about 5 the Place 
of a Pin and Pulley, which by its rifing will next time throw over the Leaver 
5 H which is in its Slit, and by giving about a quarter of a Turn to the Axis 
AB, will next time throw back the Y towards m, and fhut the Regulator. 
Then the Operator having hold of the End 1, of the F, 47, lifts it up, (mark- 
ing the Plug at $ to put in the Pin s) and opens the Injection, which makes 
a Vacuum in about one Second of Time. Thenhe fhuts the Injection, which 
has done its Office ; and the Pifton comes down very faft, which (by open- 
ing the Regulator) he meets with the Steam, that drives it up again. 
NN.B. You may fee in Plate 37, that there is a ftrong Frame Fr, Fa, 

upon which fall two {trong wooden Springs $1, S2, that if the Arch 
of the Leaver fhould come down too low, there may be done no mif- 
chief by the Pifton, and the whole Stroke may be made upon 51, S2, 


Q4qq2 by 
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Leg, XU.by the ftrong Iron Pin P1,P2, which will there:be ftopped. But! when 
ty! the Labourer has fix’d all his Pins right im the Plug or working Beam, 
the great Beam will move fo regularly, as to come very near the Springs, 
and not touch them once in an hundred times. Then the Engine works. 
it felf wholly, and the Operator is only to take care of the Fire, and fee 
that no Accident happen. In the Coal Countries, when the Men go to 
dine and drink, they often leave the Engine by it felf for 3 or 4 Hours, 
So much is this Engine under Command, that I have feen a Fire-Engine 
whofe Pifton came down with a Force of 20000 Pounds everytime, ftopp’d: 
all at once by an Hair, ftretch’d over and puthing upon the End of the F ‘ 
to keep it from injecting. 


Anp now I have done with the Fire-Engine, (as it works at all the 
Mines where it is ufed,) with a Leaver ; except fome few Things,, 
* Ann. 7. Which I fhall mention in the Notes *, . 


N ow to fhew that Captain Savery’s Method is not wholly ufelef,. 
I'll give an account of fome Improvements I haye made in it, and thew 
in what cafes it is more ufeful than the Leaver-Engine. But firft to fhew 
that Fire can give a much greater Force to Water turn’d into Steam than 
is ufually imagined, I will give the Experiment of the Burft of Bubbles: 
half full of Water, commonly call’d Candle-Granades. | 


Plate 39. Fig. 14. - 
Fig. 39. Take a little Glafs Bubble G, of about the Bignefs of a Pea, with a 
Fig 14 Stem half an Inch long, hermetically feal’d at the End, and full of Wa- 
ter. Stick it in the Tallow of a lighted Candle A, and puth the Ball. 
near the Flame of the Candle. If there be no Water at all in the Bubble,. 
when the Candle burns down to it, it will heat red-hot, and the Air ex- 
panding with a {mall Noife will burft the Glafs, as at B; blowing againft 
it, and but feldom putting it out. But if there be Water in the Bubble, 
it will fly all to pieces with an Explofion almoft. as loud as a Piftol, 
when fufficiently heated: and the Snuff of the Candle will be beaten 
down as if ftruck withan Hammer, and the Fibres ftretch’d out every 
way. 
SECTION XV. 


os Cl E late Dr. s Gravefande, before he was Profeffor, came to Eng- 

_ land Secretary to the Dutch Embaffy in the Year 1716, and then 
did me the honour.to go thro’ a Courfe of Experimental Philofophy . 
with me. As we were confidering Savery’s Fire-Engine, as it is defcrib’d 
in D.. Harris’s Lexicon Techuicum, we thought there was.a great wafte 
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ef Steam by continually acting upon the Receivers without Intermiffion, Let, XII. 
it becoming ufelefs till 1t had heated the Surface of the Water in the Re- <> 
ceivers, and alfo to a certain Depth: and that if it were fo contriv’d, that 

after the Steam had ‘prefs’d up one Receiver full of Water, inftead of 

being thrown upon another it thould be confin’d.in the Boiler till the Re- 

ceiver was refill’d by the Atmofphere, and then turn’d upon the Water: 

That by this means its Confinement might give it fo much Force, that 

it would puth hard againf the Surface of the Water, and have difcharg’d 

a great deal of it, even before it had heated the Surface ; and that Savery 

perhaps had, in his great Work *, chofen to afe two Receivers, becaufe 

the Marquis of Worcefler mentions two 1n his Account: we refolved to 

have a working Model made; to work either with one or with two Re-' 

ceivers. ‘This Model foon thew’d us that one Receiver could be emptied 

three times, whilft two fucceeding ones could be emptied but once a- 

piece. So that by this means an Engine would be fo fimple, as to be more 

eafily work’d, coft almoft half lef8, and raife a third more Water. Ac- 

cordingly I erected an Engine in the Manner fhewn in Plate 40, whofe 
Defcription compar’d with the Draught in Harris's Lexicon will thew 

my Improvements. 

ExpLANATIoN of the Plate. 

A. Tur Receiver, of Copper, communicating at bottom with the Plate 4o. 
fucking and forcing Pipes between F and G, and at top with the Steam- 
Pipe at D, and the injecting Pipe at I. | 

B. Tue Boiler, of Copper alfo, containing at leaft five times more than 
the Receiver, round which the Fire and Flame are conducted at WOUeE.T; 
It has a Copper Cover {krew’d on, which contains CD, the Steam-Pipe 
communicating from the Boiler to the Receiver and Nx the loweft Gage- 
Pipe; alfo Oo the highelt Gage-Pipe, and a Valve at P. kept down by the- 
Steel-yard PQ and the Weight Q._ 

SS. Tue Surface of the Water in the Boiler, which mutt be lower than : 
the Bottom of the fhort Gage-Pipe at 0, and higher than the Bottom of 
the long Gage-Pipe at . 

DI. Tue Steam-Cock with the Key K kept down by the defcending. 
Screw L, held by the Gibbet DL, whilft the Handle K is either turn’d | 
to #, to receive the Steam coming from the Boiler; or to K, to fhut out: 
the Steam and admit a Jet of cold Water coming from the afcending 

Pipe EE 2, thro’ the Cock M, which muft be open during the 

Operation. 

N. B. Tus Cock is more fully defcrib’d in Pug. 2. 

EEG Z. . 
* He had put up an Engine for Mr. Ball at Camden Houle at Kenfington, that. went very 
well with one Receiver. 
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Let. XI. EEGZ. Tue Hore or Pipe with feveral Elbows, which is folder’d. 

‘to the forcing’ Pipe’ EE 2 at ‘E}' the fucking Pipe ZH at Z, and the 

Plate4°- Receiver at F.. This Horfe contains the fucking Valve at G and the 
forcing Valve at F, which are eafily come at by unfkrewing I, to loofen © 
the Strap 2, and let down the Flanch 3, as fhewn in Fig 2. | 

R. Tue Ciftern communicating with the forcing Pipe by a Cock and 
{mall Branch as Y, to fill the Force-Pipe upon occafion. / 

H. A Box with Holes to keep out Dirt from coming up with the Wa- 

- ter from the Bottom of the Well X. 

I. Tue fpreading Plate, to make the Steam and the Water alternately 
be divided into little Jets, 

bc. Tue Surface of the Steam pufhing down the Water, in order to 
drive it up again into the Force-Pipe EE thro’ the Valve E. 

V. Tue Door of the Fire-Place, and W the Ath-Hole. 

Figure 2. THe Machinery of the Horfe from 1, 2, 3, Fig. 1. is here 
defcribed: 1 is the Screw, which going thro’ the Stirrup 2, preffes on the 
Piece of caft Iron 3, which is made tight to the Brim under it by double 
Canvas, whilft the Returns of the Stirrup draw up the Ring 4 under 
the Brim to fupport it, 

5, 6,7. Is the Key of the Steam-Cock, having an Hole on the Side 
at 6, which goes down thro’ the Bottom of the Key, to throw down 
into the Receiver the Steam and Jet of Water alternately, 

Tuis Key has a Notch at 7, to take in the Water from the F orce-Pipe, 
and convey it to the Boiler, when it is charged again with Water. 

See the two Sections of the Cock and Key. 


The Operation of the Fire-Engine improv'd from Savery, or rather from 
the Marquis of Worcetter, 


The OPERATION. 

Take off, or turn over your Steel-yard, and open the Cock O of the 
fhort Gage-Pipe Oo; then having put a long Nail or any Piece of Iron 
under the Valve to keep it up, pour in your Water at the Valve, and as 
the Water goes down, the Air will blow out at O, till the Surface of the 
Water comes up above the: Bottom of the fhort Gage-Pipe at o; then 
the Boiler is fufficiently fill’d, 

Tuen having fhut the Steam-Cock DI from communicating with 
the Boiler, and likewife thut the two Gage-Cocks upon the Boiler at N 
and O, put the Steel-yard on the Valve with its Weight Q near P, and 
light your Fire. For a fmall Height, the Engine may work when the 
Weight is very near P; but for. a great Height, it muft be further. In | 


trying 
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trying your Boiler, that you may be fure your Steel-yard Weight is not Lec. XI. 
‘too heavy, remove it, Notch by Notch as you increafe your Fire, till ic —~—~ 
caufes the Weight to rife at the laft Notch at Q._ sixty |; 

N. B. You may faften a String to pull up the Steel-yard on occafion, 
as you make the ftrongeft Trial; that you may be certain the Weight is 
not too heavy: and take care that no additional Weight be put to the 
Steel-yard Weight. 

Aut being ready, and the Steam beginning to lift the Valve, turn the 
Handle of the Steam-Cock on the Receiver from K to 4, to let in the 
S:eam from the Boiler along CD, firft opening a fmall Hole, and then 
the full Bore: then the Steam fpreading thro’ the {mall Holes of the Plate 
at I, pufhes on the Surface of the Water at dc, till the Water comes 
down to the forcing Valve F, which you will hear fall when all the Wa- 
ter is gone out of the Receiver, whofe Out-fide will feel very hot at that 
time. NN. B. It is fuppos’d that you have fill’d the Receiver with Water 
before you begun, which is done by taking out the Key of the Cock 
under the Screw L, which you have fcrew’d up a little and turn’d off 
with the Gibbet LD. You may greafe the Key of the Cock as you put 
if On again. 

Tue forcing Pipe being now full, and having the Cock M open, 
turn back the Handle from £ to K; a Jet of cold Water will fpout in 
thro’ the fpreading Plate I among the Steam, which it will immediately 
condenfe, and the Air preffing in the Well will puth the Water up into 
the Receiver, which will immediately fill it, and the Receiver will feel. 
cold quite uptoI. Then turn the Handle to & as before, which will 
admit the Steam and drive out the Water quite to F, then return the 
Handle to K toadmit another Jet, and fo on. 

Tus Machine may work about 4 or 5 Hours before it is time to give 
over ; which you may know when the Cock N, as well as the Cock O, 
being opened, gives Steam ; becanfe then the Surface of the Water in the 
Boiler being below the Bottom of the longeft Gage-Pipe, is too low, and 
the Boiler in danger of being burned. | 

Wuen both Cocks give Steam, there is too much Water in the Boiler, . 
and fome mutt be boil’d away by opening the Valve till the Cock O comes | 
to give Steam when the Water boils, | 

So that when the Cock O open’d gives Steam, and the Cock.N open’d : 
gives Water, the Boiler is in right order. 

WueEn you would replenifh the Boiler, you may either remove the 
Fire firft, or let out the Steam thro’ the Cocks; and in the mean time. 
proceed as follows : 

TURN 
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Turn the Handle K from you behind L, which will bring the Notch 
of the Key of the Cock (mark’d 7 in Fig, 2.) to fuch a Situation as you 
may fee in the middle Drawing of Fig. 2, and then (the Cock M being 
ftill open, as well as the Cock Y) the Water will run from the Ciftern 
thro’ the forcing Pipe and Steam Pipe into the Boiler, without going into 
the Receiver (which you may have fill’d before if you pleafe) the Steel- 
yard being off of the Valve, and the Cock O open, to let out the Air as 
the Water comes in. 

T o know when you have Water enough in the Boiler, obferve when 
the Cock O ceafes to blow, and the Valve (which you muft not now 


have prop’d open) dances: Turn back your Handle to K, thut the Cock 
Y, and all is done. 


AccorD1NG to this Improvement, I have caufed feven of thefe Fires 
Engines to be erected fince the Year 1717, of 1718. The fittt was for 
thelate Czar Peter the Firft, for his Garden at Peterfburgh, where it was 
fet up. The Boiler of this Engine was fpherical (as they muft all 
be in this way, where the Steam is much ftronger than Air) and held bea 
tween five and fix Hogfheads; and the Receiver held one Hogfhead, and 
was fill’d and emptied four’ times ina Minute. The Water was drawn 
up by Sué#ion, or the Preffure of the Atmofphere, 29 Foot high out of 
the Well, and then prefs’d up 11 Foot higher. The Pipes were all of 
Copper; but folder’d to the Hor/é with foft Solder, which I knew would - 
hold very well for that Height: and I did not care to venture either 
upon. a greater Quantity for that Height, or a greater Height for that 
Quantity. For if the Quantity was larger, then the Boiler muft be 
greater, and the Steam of the fame Force would have a greater Surface to 
act upon, which might burft the Boiler, or require it to be made much 
thicker, ) | 

ANOTHER Engine of this fort, which I put up for a Friend about 
five-and-twenty Years ago, drew up the Water 29 Feet from the Well, 
and then it was forced up by the Preffure of the Steam 24 Foot higher 
into a Ciftern holding about 30 Tons fet up at the Top of a Tower, in 


order to run down again thro’ a Pipe of Conduét, and play feveral Jets 


in the Gardens, But fometimes no Jets being play’d, the Water was at 
the Height of about 6 or 8 Foot difcharged out of the F orce-Pipes to 
fill the Ponds and water Meadows in dry Weather, which it did with a 


defs Strength of Steam than what drove the Water into the Tower; or if 


the fame Strength was kept up, one might make 8 or g Strokes in a Mi- 
nute, in{tead of about 6 when the Water was driven up into the Ciftern. 
Upon the Safety-Valve there was a Steel-yard, the Place of whofe Weight 


fhews 
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fhews the Strength of the’ Steam, and how high it was capable of raifing Lect, XII, 
Water. But when the Weight was at the very End of the Stedl-yard, —<“w—~ 
the Steam then being very {trong, would lift it up, and go out at the 
Valve rather than damage the Boiler, But about three Years ago, a Man 
who was entirely ignorant’ of the Nature of the Engine, without any In- 
Mtructions undertook to work it; and having» hung: the Weight vat the 
farther End of the Steel-yard ; in order to collect more. Steam to make 
his Work the quicker, hung alfo a very heavy Plumber’s Iron upon the 
End of the Steel-yard: The Confequence prov’d fatal, for after fome 
time the Steam, not being able with the Safety-Clack to raife up the 
‘Steel-yard loaded with all this'unufual Weight, burft the Boiler with’a 
great Explofion, and kill’d the poor Man who {tood:near with the Piecés 
‘that flew afunder; there being otherwife no Danger, by reafon ofthe 
Safety-Valve made to lift up, and open upon occafion. sv 

Turse Accounts fhew how high, and in what Quantity this:kind 
of Fire-Engine can fafely raife the Water. Aboutyas much Fire as'a 
‘common large Parlour-Fire was fufficient to work this Engine, and-raife 
15 Tons per Hour, ‘So that if the Ciftern be keptofull, you may {et 
your Jets a playing to entertain your Friends at any time, and then fend 
a Man to light’the’Fire under the Boiler, which will raife Water to 
fupply your Jets before your Ciftern'.be empty: fo that you may play 
your Jets as long as the Fire burns; and no longer, {pending only Coals 
when you want Water.” This Engine; according to my Method, con- 
fifts of fo few Parts, that’ it-comes very cheap, in proportion to the Wa- 
ter that it raifes ; ‘but has its Limits, as we faid before. i 

‘Tue Leaver Engine, often call’d Newcomen’s, has its Limits th 
‘other way. ‘That is, it muft not be too fmall; for then it will have a 
great deal of Friction, in proportion to the Water that it raifes, and will 
coft too dear, having as many Parts as the largeft Engines, which aré 
the beft and cheapeft, in proportion to the’ Water they raife: The Fridtion 
being always as the Diameter, whereas the Water rais’d is as the Square of 
the Diameter of the Cylinder ; and a muclegreater Part of the whole Power 
is employ’d to move all the little Machinery than ina great one. I had 
an experimental Proof of this at We/fminfter in the Year 1728, or 9g. when 
Mr. ‘fones (commonly call’d Gun-‘fones): built a working Model of the 
Leaver-Engine in my Garden, (which Model he had a mind to’ prefent 
to the King of Spain.) I had at the fame time near the Place where he 
erected his Engine, one in Savery’s way, which rais’d ten Tons an Hour 
about 38 Feet high. iF 

He made his Boiler of the exact Size of mine, and his Cylinder was 
fix Inches Bore, and about two Feet in Length. When his Model or 

No. Il. | Ree Leaver- 
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Lee, XII. Leaver-Engine was finifh’d, it raiscd but four Tons per Hour into the 
Ly fame Ciftern as mine. It coft him 300/, and mine, having all. Copper 
Pipes, had coft me but 80 Pounds. 


SecTIon XVI. 


N OW wecome to confider the moft common Cafes in Hydraulicks,. 
which are thofe where there is a Neceffity of raifing Water, and 
we can have only Men, or Horfesto do it, Here, inftead of hearkening 
to quack Engineers, who in oppofition to each other cry up their own 
particular Engines; we mutt know for certain how much Water one 
Man’ (or any number of Men) can raife to a certain Height in a certain 
“Time, by the help of the beft Engine; and the, Knowledge of this 
Maximum will fhew what we can expect to have done, by the number 
of Men or Horfes that we can fpare to employ in this Work. By this — 
means we fhall not be impos’d upon by knavifh or ignorant Pretenders. 
And here the Ignorant, if he be honeft, is more dangerous than the 
thorough-pac’d Knave; for the Conceitof the Ignorant will give him 
fuch a Confidence, as eafily to perfuade thofe of his Skill, who profefs to 
have none of their own. ‘ bad 
Qne might from fuch mechanical Principles as, are Jearn’d in the. firft 
Volume deduce fo much of this Knowledge, as to be certain how much 
Water at a Medium a Man can raife in an Hour to a certain Height, 
without making any hydroftatical or hydraulick Experiment ; if People 
could be brought to believe that itis the fame thing to.carry up into any 
Room a certain number of Pounds of Lead, or Pints of Water, in the fame 
time. Buta few Perfons, unlefs they are vers’d.in Mechanicks, imagine, that 
it is exactly the fame Labour, and will take up as much Time to carrya Ton 
Weight of Wheat intoa Granary, as to filla Ton with Water in the fame 
Place, either carrying itup in Pails, or pumping it up with a.good, Pump. 
The falfe Notion of fome of ‘the Ancients, viz. That, Water does, yot 
weigh in Water; or the Thoughts that a Column, of Water may be..ba- 
lanc’d to Advantage, or that the Fluidity of Water takes off its Weight, 
leads many People into Error.:>;For this reafon I haye chofen to fx my 
Maximum of what a Man or-Horfe can do in,this cafe from hydraulick 
Fads; by obferving what Men have actually, done with the beft.Pump 
or Water-Engines in ufe ; and’ take, the Medium. Afterwards I. fhall 
fhew, that the fame will come out by mechanical Calculation ; fora 
Man turning a Winch or Handle to wind up Weights, works neither ea- 
fier nor harder than when he winds up Water; and if his Eyes were fhut, 


he would not know which he was doing, : 
3 SECTION 
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ENGINE to raife Water by Quickfilver. 


Section XVII. 


. HE firft of thefe Engines I fhali confider, is a Contrivance of the 
late Mr. ¥o/hua Ha/kins, to avoid all Friction of Solids in Pumps, 
by the Subftitution of Quickfilver inftead of Leather. 


Plate 41. 


A Defeription of an Engine to raife Water by the help of Quickfilver, 
invented by the late Mr. Jofhua Hafkins, and improv'd by the duthor. 


Mr. Hafkins finding that all hydraulick Engines working with 
Pumps lofe a great deal of Water, (always giving lefS than the number 
of Strokes ‘ought to give, according to the Contents of the Barrels ;) and 
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that when'the Piftons are new leather’d to prevent that Lofs, the Fric- 


tion is much increas’d, and the Engines are fubject to Jerks, which in 


great Works do often diforder an Engine for a great while, by breaking” 


fome of the Parts; contrived a new way of raifing Water without any 
FriGion of Solids; making ufe of Quickfilver inftead of Leather, to keep 
thé’ Air or Water ftom flipping by the Sides of the Piftons in the Barrels 
where they work: hoping thereby to prevent all the abovefaid Incon- 
veniences ; and alfo to have Water-Engines lefs liable to be out of order 
than any yet made. 

Tue firft Experiment he made with an Engine that he fet up at my 


Houfe about two Years ago, which I tepeated before the Royal Society” 


in 2 Model: and tho’, by the ill Contrivance of the Parts, it did not raife 
near the Quantity of Water that the Invention is capable of ; yet I fhall 
deferibe the Machine here, becaufe it will ferve for the better under- 
ftanding of our prefent Engine. 


Plate 41'and 42. Fig. 1. 

dd d dreprefents a Lignum Vite Plug or Pifton, (which Mr. Hafkens 
eall’d a Plunger) about fix Feet long, made heavy enough with head 
at top to fink into Mercury, which is before-hand pour’d into the Barrel 
D1D2uptomm. The Chain E 1 E 2, join’d to the Pifton and 
the Power that moves it, being let down till the Pifton comes to D 2, 
the Mercury rifes to the fame Height in the Barrel, and in the Receiver 
R, (which ‘it fills) namely to 7 7, as appears in the Figure. Then 
drawing up the Pifton till its Bottom is come to m m, the Mercury 
coming out of the Receiver down too 0 makes a Vacuum, and the 
Weight of the Atmofphere caufes the Water to rife up thro’ the Sucking- 
Pipe A 1 Az, and Valve V into the Receiver where the Mercury was 

Rise.2 before, 
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Le. Xk before. Upon letting down the Pifton again, the Mercury rifes into 


Ae 


‘the Receiver, and drives up the Water ‘thro’ the Elbow B, the forcing. 
Plate 41 and yr 1. zw, and fo up the forcing Pipe a 2 4 1: But when once the forcing 


Pipe (which here was, 46 Feet high) is full, before any Mercury can 
enter into the Receiver, and force any Water out of the Top of the Pipe. 
a1, the Mercury between the Pifton and the Barrel muit rife up to- 
gq neat 3 5 Feet above the Bottom of the Receiver; and as it continues. 
to rife up to p p, the Water is thrown out with a Velocity proportionable to” 
the Height that the Mercury ts rais'd above the 14th Part of the Height of — 
the Water. Now tho’ the Friction of Solids is here avoided, it is plain 
that the Mercury muft move fromm m to q.g without raifingany Water, . 
and that, it can.ouly forcein going. from. gg to pp, and only fuck in 
falling from,oo to m m.: And-unlefs. the .Pifton is. ftopp’d alittle while. 
when at loweft, the Water. won’t have, time to run out: So. likewife 
the Pifton muft be ftop’d when at higheft, that the Receiver may 
have time to fill. . . * 

Mr. Hafkins \ikewife propos’d another way, reprefented in Fig. 2. 
where the. fame Letters reprefent the fame. Parts, only :the Barrel. is; 
moveable by the two Chains, E 1,and’E.2,, and anftead of a folid Pifton,, 
the hollow Cylinder C 1.¢ c.is.fix’d, and. the Mercury moving up,and- 
down. in the lower Part of it, fucks and: forces.the Water thro’ the El- 
bow. The Figure reprefents the Engine fucking, by means of the. 
Mercury hanging from. 0,to m.m : In order. to force, before any Water 
can be driven out, the Mercury in the inward Cylinder mutt, defcend 
from.o oto mm, andrife.up top p between that Cylinder and the Barrel ; 
fothat here alfo a great.deal of Time is loft ;  befides the, great Quantity” 
of Mercury uted; which is very expenfive  becaufe as much Mercury. 
is mov’d every Stroke as there is Water rais’d. 

Turse Difficulties very much puzzled Mr. Ha/kins, and quite dif-. 
couraged fome other Perfons that had got the Secret of the Invention,. 
and were feiting up againft him. But when I had confider’d the Matter 
alittle, tho’ I had not Time to contrive a Machine for it, I told him 
that a littke Mercury might be made to raife a great Quantity of Water, 
and there fhould not be fuch a Lofs of Time as in his Engines ; but that 
I would have him find it out before I affifted him farther. In a little 
time he found out the Contrivance: reprefented. in Fig. 4. and after. 
wards that of Fig. 3. which laft was what I had thought of: And both 


thefe were alfo found out by the late Mr. Willam Vreem, who was an 
excellent Mechanick. 


Fig. 
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Fig. 3. 

Here the Barrel is mov’d as in Fig.2; but the Plug ddd taking 
up a great deal of Space, there is occafion for no more Mercury than 
what will make a concave Cylinder or Shell up to p p between the 
Barrel D 1 D2, and the hanging Cylinder C1C2c¢c, when the 
Stroke is made for forcing; anda concave Cylinder between the Plag 
C1 C 2¢c, when the Suétion is made, I gave Mr. Ha/kins the Pro- 
portions for an Engine this way, of which he made a Draught, and 
fhew’d to the Right Honourable the Earl of Macclesfield a few 
Days after. This I mention here, that no body may endeavour to 
get a Patent for this Invention, to the Prejudice of Mr. Hafkinss Af- 
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fignees; who, fince his Death, have defired me to affit them in per- - 


fecting the Engine, 
Fig. 4. 


- Here the Barrel with a third Cylinder d dd d, inftead of the Plug, | 


of Fig. 3. 1s lifted up and down every Stroke, and the Water pafies 
thro’ d ddd, the Mercury making a Shell fometimes between the 
middle and inner Cylinder, asin the Su@tion; and fometimes between 
the Barrel and middle Cylinder, .as in the forcing Stroke, 

Mr. Ha/fkins had contriv’d fuch a Machine as is reprefented by this 
fourth Figure, and befpoke the feveral Parts before he died; and there- 


fore when I was defir’d by his Affignees to direct the fetting up the Ma-~ 


chine, I was oblig’d to make ufe of the Pieces already made, in order 
to fave the Expence of a new Engine : And now the whole put together 
with {ome Alterations, make the Engine reprefented by Fig. 5. as it is 


fet up at my Honfe in Wefiminffer, and by the Force of one Man, | 
raifes a Hogfhead of Water in little more than a Minute anda half. 


to the Height of 27 Feet. . All the Fault of the Machine of Fig. 5. is, 


that the Pendulum Handle Ff is too long, and the Bottom of the > 


middle Cylinder C ought to be juft in the middle of the Height to 


which the Water is to be rais’d, fuppofing three Copper Cylinders to be» 
as they are here: If. likewife the Barrel D 1 D 2 work’d under the - 
forcing Pipe, the Lift would be eafier. Therefore I defcribe the Machine - 


in the {mall Alteration reprefented in Fig. 6. | 
Tue fucking and forcing Pipe and Valves are mark’d with the fam 
Letters as in the other Figures: and the Chains Er, Ez, muft be fuppos’d 
to hang from fuch Pulleys, and to be mov’d by fuch a Pendulum as is in 
Fig. 5. ‘The Barrel in D1, Dz, (called otherwife the outer Cylinder, 
and reprefented by the fame Letters in Fig. 7.) has within it another 


Cylinder — 
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Cylinder called the inner Cylinder or Plug, as dddd, Fig. 7. between 
which two Cylinders a certain Quantity of Mercury is poured in, and 
the hanging Cylinder C coming down into the Mercury, a Stroke of 13 
Inches may be made by the Motion of the Barrel, which in going down 
fucks by making a Vacuum in C, and in going up forces the Water out 
of the top of the forcing Pipe, performing the Office of a common Pifton; 
only that inftead of Leather to make it tight to the Cylinder C, there is 
always a thin Shell of Quickfilver either between the middle Cylinder :C, 
and the inner one, (dddd, Fig. 7.) as happens when the Suction is 
made, or between the middle and outer Cylinder, as happens in lifting 
up the Barrel to force. In the Suction, the Mercury is higher in the inner 
Shell than in the outer Shell, by an Height equal to a little more than 
<q Part of the Height of the Barrel above the Water to be raifed: And 
in forcing, it is higher in the outer Shell than in the inner by a little more 
than = of the Height of the Pillar of Water to be forced. And there- 
fore, if the Water is not required to be raifed above 64 Feet, the Barrel 
fhould move fo as to make the middle of its Stroke at the Height of 
30 Feet, or at the middle of the way from the Water to be rais’d to the 
Delivery at top. | | 

Tue 7th Figure drawn by a larger Scale, reprefents the three Cylin-. 
ders which are here made of Copper, in their juft Proportions: And for: 
the fake of thofe that would confider-this Matter fully, I have here given - 
their Lengths, Diameters within and without, and Thicknefs, 


Outer Cylinder or Barrel, Middle or hanging —Inner ‘Cylinder or Plug. 


D 1, D2. Cylinder, in which — clofed at top by a Cap, 
the Stroke is made and moving upand down 
Ci oxeie with the Barrel to which 
it is join’d at bottom dddd,. 
Inches Inches. Inches. 


Length—-——--——- 30 —-_ +. 29,0 31,2 
Diameter within—— 6,74. ———-—6,3 5 —- —-—_—6, 03 
Thicknefgs ———— 0, 10 0,08 —$ $= 0,13 
Diameter without— 6,94 -——-—-—6, 51 6,29 


Here BB reprefents part of the Elbow of Fig. 5. or of the forcing. 
Pipe of Fig. 6. But as the Spaces between the Cylinders are fo {mall as 
not to be vifible even in a large Draught made by a Scale; I have here 
given three more Draughts of the three Cylinders where the Height is 
agreeable to the Scale of the 7th Figure, but the Diameters of the middle. 
and inner Cylinders are made lefs than they are in the Engine, to make. 


the 
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he Space between (where the Mercury rifes and falls) vifible; and the Le&. XII. 
Cylinders themfelves are reprefented by fingle Lines. mean: 

THE Quantity of Mercury ufed in this Engine is 36% Pounds, which p; 
being pour’d in between the outer and inner Cylinder, rifes up to the 
Height of 16 Inches, 

WueEN the Barrel is pull’d up (as in Fvg. g.) fo as to have the middle 
Cylinder within an Inch of the Bottom of the Barrel; the Mercury on 
both fides the middle Cylinder will rife up to the Height of 23,1 Inches, 
that is, about two Inches below the Cup D1, to the Line gq. 

WuHeEn the Barrel is going down to fill the fucking Pipe and middle 
Cylinder C, the Mercury in the inner Shell will be 25 Inches high, and 
Bey 33 in the outer Shell, Fig.g. where the fhaded Part reprefents 
the x, 

Ar the End of the fucking Stroke the Mercury is up to the top of the 
inner Cylinder, and {carce an Inch in the outer Shell, Fig. 8. 

Iw raifing the Pifton from forcing to fucking, the firft 14 Inch drives 
the Mercury out of the inner Shell, and raifes it in the outer Shell 13,28 
Inches. 

Tue Depth of an Inch of Water in the middle Cylinder above the 
inner one or Plug is equal to a Space in the outer Shell of 13,28 Inches, 
and + of an Inch is equal to the fame Height in the inner Shell. 

THEREFORE when the Mercury is equally high in both Shells, a - 
Motion of + of an Inch of the Barrel will charge for Suction. That is, 
upon letting down the Barrel only 4 of an Inch, the Preffure of the At- 
mofphere in the outer Shell will raife. the Mercury in the inner one 
13,28 Inches, at the fame time that it pufhes up the Water from the 
Well 13 Foot and a half high into the fucking Pipe. And when all the 
Pipes are full, if the Mercury be equally high in both Shells, upon raifing 
the Barrel one Inch, the Mercury will rife 13,28 Inches in the outer 
Shell, which I call charging for forcing; becaufe in continuing to raife 
the Barrel, the forcing Valve immediately rifes, and the Water comes out 
at the top during the reft of the Stroke which is 12 Inches, and delivers 
1,6 Gallon of Water, Wine-Meafure. 

Fig. 10. reprefents the forcing Stroke half way up; with the ¥ 17 
Inches in the outer Shell, 4 Inches in the inner, and the whole Space at 
bottom under the middle Cylinder 7 Inches, 

_ From this it appears that in the whole Stroke of 13 Inches in the 
Length, there is only + of an Inch loft to charge for Suction, and in the 
next Stroke, which 1s likewife of 13 Inches, there is only one Inch loft to 
charge for forcing; fo that in a Motion of 26 Inches, there is but 14 
Inch, or about 4, Part ineffectual. Bat this is owing to the too large 

Space 
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Space of the outer Shell, which contains 4 times more than the inner one; 
becaufe the Cylinders were only hammer’d, and not turn’d: for if the 
outer Space had been no bigger than the inner, then £ of an Inch of the 
Stroke would have charg’d for forcing; fo that only £ an Inch in 26, of 
_, Part of the whole Stroke would have been ineffectual; and in that 
cafe 2 of the Quantity of Mercury, or a little more than 12 Pounds, would 
have been fufficient. 

Tuere may ftill lefS Mereury be ufed if the middle Cylinder be made 
of Plate-Iron, turn’d:on the Outfide, and bored within, the outer Cy- 
linder bored, and the inner one turn’d; fo that if the Work be well per« 
form’d, eight or ten Pounds of Mercury will be fufficient in this Engine, 
tho’ the Bore of the middle Cylinder, or Diameter of the Pillar of Water 
which is rais'd, be of 6,35 Inches, If the Bore of the faid Cylinder was 
but 8 Inches, lefs than 3 Pounds of Mercury would fuffice, and lefs than 
6 if there were two Barrels, in order to keep a conftant Stream thro’ a 
Pipe of almoft the fame Diameter. This will very much leffen the Ex- 
pence of Mercury, which would otherwife be an Objection againft this 
Engine ; and by making the inner and outer Cylinder of hard Wood, 4s 


Box or Lignum Vite, the Coft of the Engine may ftill be reduced. But 


if the Engine be very large, caft Iron bored will be proper for the outer 
Cylinder, and caft Iron turn’d on the outer Side for the inner Cylinder or 
Plug, and hammer’d Iron bored and turn’d for the middle Cylinder, 
THERE 1s an Objection, which feems at firft to take off the intended — 
Advantage of this Engine, which is this, v7z. That inftead of the Friction 
of the Leather of a Pifton, when we lift up one Barrel to force, the Re- 
fiftance that the Mercury finds to ‘rife in the outer Shell is at leaft as 
great as the Friction that we avoid. Now that Refiftance is never greater 
than the Weight of a concave Cylinder of Mercury, whofe Height is the 
greateft to which the Mercury rifes in the faid Shell, and the Bafe is 


‘the Area of the Shell it felf. This Weight in our Engine is equal to 57,5 


Pounds, and therefore one would think it greater than the Refiftance made 
by the Friction of a Pifton. But if it be confider’d, that in the Defcent 
of the Barrel for fucking, the Mercury fhifts immediately into the innér 


Shell, rifing to the fame Height, and fill keeping the fame Bafe ; the 
-aforefaid Weight of 57,5 Pounds helps down ‘the Barrel, and facilitates 


the overcoming of the Force of the Atmofphere ; confequently the Weight 
of the Mercury being balanced is no hindrance, whether you work with 


afingle or a double Barrel. 


THERE remains only then the Hindrance by lofs of Time, in the Begin- 


-ning of any Stroke: But I have fhewed that to be but-+2 Part of the Stroke, 


Thave found that the beft-Engines now in ufe generally‘lofe near 2 of 
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the Water that they ought to give, according to their Number of Strokes, Le&. XII. 
And Mr, Henry Beighton, an ingenious Member of this Society, having <v~—~ 
a great many times meafured the Water that is raifed by Engines in Mines, fai ss 
found that {ome Engines loft +, and none ever loft lefs than * of what — 
they ought to give, according to. the Number of the Strokes in their 
_ Pumps, whatever auxiliary Powers they were mov’d with. 
THERE is indeed another ObjeCtion, but fcarce worth notice; which 
is, that fome Particles of Mercury will mix with the Water that is rais’d, 
and make it unwholefome ; but no body that confiders fpecifick Gra- 
vity, will imagine any fuch thing. However, to fatisfy thofe that might 
fill apprehend it, it is to be obferv’d, that none of the Water that is 
raisd comes near the Mercury: For in the Cylinder C, and Part of the 
Elbow B, (Fig. 5.) there is always above the Mercury a certain Quan- 
tity of Water that rifes and falls with the Barrel, and never goes into the 
forcing Pipe. ‘The fame happens alfo in the Machine of Fig. 6. for the 
Water having once run into the Cylinder C, all that is rais’d afterwards 
comes thro’ the forcing Valve without coming down to the Mercury. 
PRovipDeED Care be taken to make the Barrel with its Plug tight, I 
don’t fee that this Machine will want repair in a long time, except fome 
ef the auxiliary Powers be out of order, which do not relate to this In- 
vention, ‘The Numbers given will ferve to examine the Truth of what 
I have afferted concerning the Motion of the Mercury: And from them 
one.may make Tables to ferve to proportion thefe Engines for raifing 
any Quantity of Water to any Height according to the Power one has to 


apply. 
. Section XVIII. 


a 


Plate 43. 


ROM this Account of the Quickfilver-Engine it is plain, that one 
Man raifes a Hogfhead of Water in a Minute 18 Foot high, (for one 
Hogthead 27 Foot in a Minute and a half comes to the fame ;) but when 
this was done, he exerted himfelf to fhew the Excellency of the Engine ; 
for he could not hold out at that rate a quarter of an Hour. But when 
I made him work leifurely, as he thought. he might hold. it fix or eight 
Hours in a day, he raifed a Hogfhead but betwixt 10 and 11 Foot in a 
Minute. I defired Mr. Labelye to make Obfervations on Water pump’d 
out of his Caiffons, or Bridge-Machine, when his beft and moft fimple 
plain Pumps were ufed: and the Refult of many Obfervations of the 
Work of many or few Men, amounted to. the raifing an Hogfhead of 
Water, at moderate Work, {carcely 10 Foot high in a Minute, I alfo 
Vou. I. S{f found 
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Le@. XII. found the fame by Experiments on fome particular Pump, and found ’enr 
i to come _up juft to the Height of 10 Foot; but fomething under the 


Plate 42. 


it is, and where it is not ufefal. | 


Quickfilver-Engine, So that I have fettled this Maximum thus : 

A Man with the befi Water-Engine cannot raife above one Hogfhead 
of Water in a Minute 10 Foot bigh, to hold it all day. But he can do 
almoft twice as much for a Minute or two, 

WHEN we come to examine the beft Engines, and thofe that are moft 
cried up, as performing Wonders (that is, Men by them. performing 
Wonders ; for the particular Make of an Engine makes it perform no- 
thing) if we look narrowly into them and meafure the Water they de- 
liver, and at what Height they deliver it; or/bring to Calculation the 
beft-attefted Relations concerning them, we fhall find that they don’t 
exceed this Maxzmuin, tho’ they may far out-do fome very bad Engine 
that they are compared with, 


Tue Reverend Father Ca/e/, a Jefuit, has publith’d a florid Declama- 
tion in praile of a new Hydraulick Engine with this Title, 

Defeription Critique @une Nouvelle Machine Hydraulique, pour ? Ele- 
vation des Eaux, de I’ Invention de M.Du Pay, Maitre des Requétes. 

Fuart is, A Critical Defcription of a new Hydraulick Machine for 
raifing Water, invented by the late Mr. Du Puy, Matter of the Requefts. 
In this Paper, which contains 34 Pages in a {mall Print 12°, the good 
Father is arch, witty, and florid, quotes the Scripture, and brings in Poetry 
and Philofophy, and compares this Engine with two very ‘bad ones, and 
ciies it up beyond any Machine whatever, and fays it aéts upon a new 
Principle of Mechanicks. At laft he fays, all (indeed) that was necef- 
fary to be faid to give a Perfon of any Skill a true Idea of it, That 4 
ae in 20 Seconds by this Machine raife a Hoglbead of Water 25 Foot 
bigh, 

Ir we bring this to a Comparifon with the Quickfilver-Engine, it will 
appear that the Work of one of M. Du Puy’s Men is equivalent to the 
railing of a Hogfhead of Water 183 Feet high in one Minute, (which 
will be only 10 Foot when a Man works all Day;) and he that works 
the Quickfilver- Engine, raifes'a Hogthead but 18 Foot high in the fame 
time, This is a proof that M.. Du Puay’s Engine comes up to ithe Maxi- 
ium, or rather exceeds it,’ and:therefore is a very good, Engine; -unlefs 
the good Father in ‘his Zeal’ makes fome little miftake ;: becaufe in'a Me 
morial from the Widow, the Height is only made2o0 Foot. But even 
then it will be a good Engine; which I will: here defcribe (froma Model 
that a Friend gave me) and fhew its Excellencies and Errors 5: and where 
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SEcTION XIX. 


N RMQKQ mRBN is the Wooden Frame of the Engine, having 

fixed to its Bottom NOP B a Box open on the under-fide to fei with 
the Engine in the Water of any Pond or marfhy Ground to be drain’d. 
In this Box are two Pair of Bellows OC, and PC, whofe Notes C where 
they join together are as wide as the other End. The top Board of the 
Box OP makes the top Board of both the Bellows, with two Holes and 
forcing Valves V2, V3, to receive upon occafion the Water coming from 
each of the Bellows, which Bellows take up their Water from the Place 
DD, where the Machine ftands, thro’ the fucking Valves V1, V4, which 
are fix’d to the under Boards of the faid Bellows, which are alternately 
pufh’d down into the Water till their Bellows are full, and then raifed 
up to difcharge their Water thro’ the forcing Valves in the upper 
Boards into a large Pipe Vi, QTQVS; from whence the Water 
runs to the Place defign’d through the Trough ¢TX. This is done by 
the Force of 4 Men working two at each End of the Leaver Mm 
moveable round the Center K ; which Leavers draw up the lower Boards 
of the Bellows by the Bars MN, and mB. On the right hand you fee 
how the Bellows Board is drawn up from B to A, and forces its Water 
thro’ the Valve V3, its Valve V4 being fhut: and on the left hand the 
Bellows CV is deprefs’d, filling it felf with Water thro’ the Valve V1; 
and then the Board C being drawn up from N towards O, the Water 
is forced out at V2 into the common Pipe, &c. Here all the Refiftance 
made is hardly any thing but the Weight of the Water rais’d ; for the 
Pipe being fuppos’d very wide, there is but little Fri€tion againft its Sides, 
and what remains is only the bending of the Leather of the Bellows, 
which being kept wet, folds very eafily. The Pipe T Q V2 need not be 
very ftrong, it being almoft fufficient for it to be able to hold when full 
of Water; and therefore Tin is fufficient for that which is fhewn for Trial 
at Mr. Du Puy’s Houtfe. 

THE beft Ute of this Machine ison board a Ship, becaufe firft a fuf- 
ficient one will take up but 3 fquare Feet of Room, adly, It will lie 
(o much below the Surface of the external Water, that the Men that 
work it will be out of Cannon-fhot : and if by great chance a Cannon- 
Ball fhould break the Pipe V2'T, which carries up the Water into the 
Trough to be evacuaied, it is eafy to fupply that Lofs by flipping on a 
new Pipe at V2, V3,4. But eee - of the greateft confequence 1s, . 

2 the 
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Leé&. XII.the Friction is fo little here, that half the number of Men will work it, 


ated 
Plate 43. 


Fig. 1. 


that work their ufual Ship-Pumps, and raife more Water. 

Tus Machine will be alfo of great Ufe to drain overflow’d Lands, 
marfly Grounds, or convey Water from one Fith-pond to another, 
whofe Situation is higher. But for drawing Water from a deep Mine, 
or forcing the Water into a high Ciftern to fupply a Town, it cannot 
do any great Service; but will foon be fpoil’d. 

WHOEVER fread with Attention what I faid in Le&ure 7, from Page 
106 to 111, will find that this Machine is nothing but the hydroftatical 
Paradox inverted ; and that when we would by this means raife the 
Water high, we have a much greater Preffure aéting againft us from the 
Water we would raife than barely its Weight. Whatever be the Big- 
nefs of the afcending Pipe, the Force to be overcome is equal to the 
Weight of a Column of Water, whofe Bafe is the horizontal Section of 
the two Bellows multiplied into the Height to which we raife our Water. 
An eafy Calculation will make this thing plain. Suppofe the Bellows. 
to be 18 Inches fquare, the Surface of both at the bottom Boards will 
be four Feet and $, upon which the Height of a Foot of Water weighs 
21,2 Pounds, (62,5 being the Weight of a cubic Foot of Water ; and 
this Weight, or Preflure which acts as Weight, at. the Height of ten 
Feet, or by ufing the Pipe V 2 T (whatever be the Pipe’s Diameter) 
will be increas’d to 2812 Pounds, to be lifted by the four Men; which 
we will allow them to be capable of lifting by the right Management of 
their Leavers, and making a fhort Stroke, But if we would lift. the 
Water higher, we mutt allow 281,2 Pounds for every additional Foot in 
our afcending Pipe. For Example, if we add a Pipe so Feet high, in 
order to raife the Water 60 Feet, of three Inch Bore; the Weight of the 
Water in fuch a Pipe fill’d up 50 Feet high weighs but 1 50 16; but the. 
Preffure or Weight aGing on the lower Board of the Bellows would be 
equal to 1406016: fo that the two Men on each Side would have 
703016. to lift, which would ftop them at once. Or if they could get 
{uch a Purchafe as to do it, the immenfe Preflure would in afew Strokes 
tear the Bellows all to pieces, 

TueReE needs no more to be faid upon this Subje@; but only to 
take off the Blame from myfelf for revealing a Secret, of which Mr. Dus 
Puy’s Widow hopes to make a great Advantage. But I have reveal’d 
no Secret ; for about 14 Years ago two Men here apply’d for a Patent 
for this very Engine, propofing thereby to drain Mines, I think the 
Name of one of the Men was Séirret, the other I do not remember, 
All the Difference was, that their Bellows were fix’d upon a little Wag- 
gon; and they had a fhort Sucking-Pipe under; and the Force-Pipe 


went 
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went up from the two Bellows. I oppos’d the taking out of this Pa~ Lect. XIE. 
tent, becaufe I thought it would be of great Hurt to the Undertakers, to “~~~ 
lay out near 80. Pounds for what would never bring them 80 Pence ; 

unlefs they made a Bubble of it, and drew unwary People into a Scheme 

to fubfcribe Money. 


SecTioN XX. Plate 43. Fiz. 2. 


‘T HE beft Machine of this fort wasa Pump invented: by Metfieurs Plate 43. 
Goffet and de la Deuille, where the Pifton has no Friction, About 12 * 
eight Years ago it was much cry’d up beyond its real Merit, in the 
French and Englifhb News-papers. When I came to Paris about fix Months 
after it was firft fet up; the late Monfieur dz Faye, Intendant of the 
Royal Gardens at Paris, fhew’d me the Experiment of it in the Garden 
where it was. I told him what was my Maximum ; and that it was a 
good. Machine if it came up to it. Accordingly we meafur’d the Water, 
and found. the Rate of its working to be juft at the Rate of one Hogfhead 
rais'd ten Feet in.a Minute, which the Men perform’d: for a great while: 
together. ir 
Tue Defcription of this Pifton, (which. is very curious) I give here. 
tranflated from Monf. Bekdor.. 


Plate 4:3. Fig. 2. ; 

A Piston without Friction invented by Mefflieurs Gofet and de la 
Deuille, and fuccefsfully made ufe of in the King of France’s Garden at. 
Paris. 

Tuts Pifton may be made as big as you pleafe, even to have 36 
Inches in Diameter, but I fhall only give 15.to that which I am going 
to defcribe, this Bignefs feeming moft convenient for the Reafons that 
will appear as. we defcribe this Pifton. As it is to act in a Pump dif- 
ferent from any I have yet defcrib’d, I will thew in what it con- 
fifts. It is made of two Boards of Oak or Elm, 20 Inches Dia- 
meter, and five Inches thick :. in the middle of each of thefe Boards, you. 
mutt cut hollow a cylindrick Cavity 15 Inches Diameter, and 2 ; Inches. 
deep, which forms two Boxes, which muft be applied to one another with: 
their Hollows together ; their Profil taken diametrically is reprefented by 
each of the Rectangles A.B C Dand EFHG. 

Tue Pifton is made of a circular Board Y Z, an Inch thick, whofe 
Diameter mutt be a little lefs than that of the Hollow T O Q_V, to fa- 
cilitate its Play: this Board is fix’d toa great Circle of Leather, (or to- 
feveral, when one is not {trong enough) in fuch manner that the Lea- 
ther may extend all round beyond it fix or feven Inches ; then aps 

mutt. 
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L.4, X11. muft put the Board Y % in the Bottom of the Box$ T V X, and what 

ty exceeds of the Leather mutt be folded up all round the Edge E32 XG 
of the fame Box. ‘Then you put down the other Box upon the firft, 
fo as to {queeze the Leather between ; and that it may be prefs’d the 
more {trongly, fo that the two Boxes may make but one: they are 
drawn together by means of feveral Iron Pins 17, 18, whofe Ends are 
cut into Screws, to fit into Nuts; thus the Pifton makes a fort of a 
Purfe 3, 4, 5, 6, which turns infide out every time the Bottom Y Z 
is drawn upwards. 

At the Bottom of this Purfe there is an Hole L, cover’d witha Valve 
K, which when it is. rais’d comes to lean againft the Handle M W M, 
which Handle is faften’d to the Rod N, that works the Pifton up and 
down ; for doing of which there is another Hole 9, 10, inthe Bottom 
of the upper Box, which anfwers to the rifing Pipe 13, 14, in which 
the Rod N goes up. This Hole is made {preading downwards, that the 
moveable Board may apply itfelf clofe to the Top O Q when the Pifton 
rifes. In the lower Bottom of the Box there is another Hole 19, ‘20, 
which anfwers to the Sucking-Pipe 15, 16, that ftands in the Water to 
be rais’d ; this Hole is cover’d with a Valve I as ufual. Pas 

WueEn the Pifton rifes, the Water from the Sucking-Pipe opens the 
Valve I, and paffes into the Hollow that is made in an Height of four 
Inches, which is all the Play that the Pifton ought to have, not to 
weaken the Leather too much, which would not hold out long if it 
had too long a Stroke ; whereas having at moft but two Inches and 4 to 
rife from 5 to X, it wears but little: when the Pifton comes down, 
the Valve I fhuts again, the other K opens, and the Water which is be- 
tween the Bottom T V, and the Leather 3, 4, 5, 6, goes thro’ the 
Hole L, and comes into the Space O P Y Z Q., whence it is lifted into 
the rifing, or forcing, Pipe: thus you fee that the Pifton always movin 
between the Waier above, and that below, has no Friétion. I thall add, 
that when it is made of good Leather, it may be continually work’d 
for three or four Months, without repairing, as Experience has fhewn it 
in thofe Pumps that Meffieurs Goffet and de Ja Deuille had made for 
draining the Mines in Britany. 

Tue only Fault to be found with this Pifton, is, that of whatfoever 
Diameter the rifing Pipe 13 and 14 is, the Power is always loaded with 
the Weight of a Column of Water, whofe Bale is the Circle O mo) 
and Height the Elevation of the Refervoir above the Spring 5 it is true, 
that one may increafe the Diameter of that Pipe, and decreafe that of 
the Pifton, that when they are equal, the Power may only raife its na- 
tural Weight. f ass ie 


/ I ) Ir 
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It may perhaps be objected, that this Pifton having fo: fhort a Stroke, Le. XII. 
will give but a little Water every time; but that isnot a Fault, fince —~—~2 
one may make the Strokes more frequent; fo that what may be loft on 
one hand may be gain’d on the other, and as much ‘Water be rais’d as 
if the Stroke were longer. 
As the Rod of the Pifton goes thro’ the rifing (or Force) Pipe, Wa- 
ter may not be rais’d to a confiderable Height by this Pump, yet the 
Rod of the Pump erected in the King’s Garden, is at leaft 25 Feet 
long ; and if the fame Length be given to the Sucking-Pipe, one may 
however raife Water 50 Feet above its Spring, in a very: plain and cheap 
way. For if you make ufe of Wood, fuch'a Pump will coft under ten 
Piftoles ; and that, upon many Occafions, where a Pump of great saa 
pence would raife no more Water with the fame Power. | 


Section XXI. 


i AVING often made thefe kind of Obfervations, and communi 

cated with others that made them, I was refolv’d to fet one Man 
to:work tojraife Water, the moft in the leaft Time, by taking away 
Friction, which I did in ‘the following manner. I made the Experi- 
ment by a Model; but I have fince made an Experiment upon the 
Power, and know the ane will anfwer, 


5 “Plate 43. ~- Fig. 3. be td’ ea 

ABCD isa little Room, in whofe Bier at K and L M are two: 
Openings, and out at the Side ‘A (from K to A) is a Ciftern to receive 
the Water rais’d, and convey it to the Place where you want it. AtK 
comes upa {quate Backet H G, fufpended by two Ropes a little above its 
Center of Gravityat'V. At the Bottom of this Bucket is a large Valve, 
toclet it fill itfelf when it comes down into a Well at W below fairs. 
The Hook H of this Bucket (when‘the Bucket is drawn up by its Coun- 
terpoife IN N)-catches in the Hook K, and empties itfelf wholly into 
the Ciftern A. When it is empty it is heavier than its Counterpoife,. 
which it brings up to its Place, whilft itfelf goes down again thro’ the 
Floor P P, to fill itfelf in the W ll W. The Counterpoife to this Bucket 
is a Trap Door, which makes Part of the upper Floor at L M, but does 
not come thro’ it. This ‘Trap’Door, which is here reprefented by NN 
near the lower Floor, has an Iron ety from whence a Rope is conyey’d 
over a Roller or Pulley F, whence it is carry’d on to E, and fix’d ta. 
fome Part of the Circumference of the Wheel E made falt to its Axle, 
which is at ‘right Angles to the Direction of the Rope. At each End of 
the Axle there isa Wheel equal to the middle one, with a Rope going 
+ own: 
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3 Le@, XII. down from the Circumference .of each of them to hold the Bucket at 


wv V ; the Axis of this Axle being a Bar of Iron, whofe Ends are Pivots of 


a 43: 4-an Inch Diameter turning in Braffes. When the Trap-Door is at L M 


‘ig. 3." x 


and the Bucket is in the Well W, a Man (whofe Weight, together 
with the ‘T'rap-Door, is about + or % more than the Bucket, to have a 
_ fufficient Velocity to bring up the Bucket) gets on upon the Trap-Door, 
and holds by its Iron, ftanding upa little on one Side to give the Man 
room to be over the Center of Gravity of the Trap ; then immediately 
the Trap (which has going thro’ its Corners four {mall Iron Guide-Rods 
like .L 0) and Man go down, while the Rope from I, the Top of the » 
Rtrong Iron, running over the Wheel F, turns the Axis at E by its mid- 
dle Wheel, while the two Wheels E wind up the Ropes which bring 
up the Bucket that empties itfelf into the Ciftern A, which the Man 
below hears when he is come down to the Floor P P, and does not get 
off from N N his ‘Trap-Door till the Bucket is quiteempty. Then he 
gets off, and runs up ftairs as faftas he can to the Floor A B, where he 
finds his Trap-Door (brought up in the mean time by the Defcent of 
the Bucket) ready to receive him. He gets upon the Trap-Door, and 
goes down with it again, his Defcent being his Time of Reft; and 
makes his Work of his Return up ftairs. N. B. 4 Tavern-Drawer, 
being ufed torun up and down ftairs, is very good for this Work. 
N.B. The Figure on the right Hand fhews this in another View. 
THe Pulley-Wheels muft be of about 15 Inches Diameter, to avoid 
Friction, fe TB 
__ I rriep an Experiment with a Man weighing 160 Pounds, whom 
I defir’d to go up and down 4o Steps of 6 ¢ Inches each, (in all about 
22 Feet) at the fame rate that he could go.up and down ftairs all Day. 
He went up and down twice in a Minute. Therefore if the. Bucket 
with a Quarter of a Hogfhead in it weighs 140 Pounds, he is able to 
raife it up 22 Feet high twice in a Minute; confequently Half a Hog- 
fhead 22 Feet once ina Minute; and therefore a whole Hogthead 11 
Feet in a Minute - A little more than my Maximum by the Quick- 
filver Engine. But in reality the Height was but 10,5 Feet, becaufe 
there were but 39 Steps, which I firft call’d 40, to avoid Fractions. 


SECTION XXII, 


HEN different Phenomena, examin’d differently, «come at laft 

to agree inthe Conclufion, it is a fign that we have difcover’d the 
Truth, if . 

A PLAIN Inftance of it will be given here, by examining what a Man 

can lift continually of dry Weights, with what we have been olgerving 

that 
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that he can lift of Water, when the Water-Engines are fo good and Lect. XI: 
fimple that there are but very few Parts to caufe any Friction: and we 
fhall find the two Maxzmums to agree. 

Lert there be a Winch or Windlafs, whofe Handle is 14 Inches long, 
and that the Barrel or wooden Axle be fo fwell’d up with Pieces put 
on, as tomake the Circumference of it equal to the Circle defcrib’d by 
the End of the Handle where the Man applies his Hand. Ifa cer- 
tain Weight, for Example 30 f6. be fix’d by a Rope to this new Cir- 
cumference of Barrel, the Man’s Hand moves with the fame Velocity as 
the Weight. Now it is found by Experience, that a Man cannot long 
work if he has 30 ib. to raife ; but will for fix or eight Hours very well 
raife 25 Pounds, Let us examine this further. - 

Since the Handle is fourteen Inches long, the Man defcribesa Circle 
whofe Diameter is 28 Inches, and therefore its Circumference is 88 Inches. 
This Handle is turn’d round 30 times in a Minute, (or once in two Se- 
conds.) Thirty times 88 -is == 2640 Inches equal to 220, the Length 
gone by the 30 Pound in one Minute. | 

Then half that Length (110 Feet) will be gone thro’ with 60 i. in r’, 
A quarter of that Length (55 Feet) will be gone thro’ with 120 fb. in 1’. 
An eighth of that Length (27,5 Feet) will be gone thro’ with 240 ib. in 1’. 
zg) of (13,75 Feet) will be gone thro’ with 480 fb. in 1. 

But by this Analogy, Io: 480:: 13,77: 660 
660 Pounds (a little more than one Hogfhead) will come up 10 Feet in 
a Minute: when a Man is fuppos’d to raife 30 Pounds. 

Bu as 30 : is to 25 :: fo will 660 fb. be to 550 bb. about the Weight 
of one Hogthead. 


Tur late Mr. Richard New/ham’s Engine for putting out Fires is 
the laft I fhall entertain my Reader with. I had the Draughts and De- 
{cription from Mr. de Labelye. 

Notwithfanding its Merit, it does not come up to my Maximum for 
Quantity of Water ; but it ought not to do it, as I fhall fbewin the Notes *,* Ann. 8. 


A Defcription of the late Mr. Richard Newfham’s Engines to put out 
| accidental Fires. 

1 ruinx I cannot conclude this Chapter of Machines better than by 
giving the Defeription of an Engine for quenching Fires, as they are 
now made ina very ftrong, well-contriv’d, and workman-like manner, 
by Mr. Richard New/ham, Engine-maker, living in Cloth-Fair neat 


Smithfield, London. 
Vot., Il. Ttt THE 
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Led. XL Tue following Defcription contained in the Explication of the fol 
ty lowing 11 Figures was drawn up, the perfpective View, and all the 


Plate 44. 
Fig. 1. 


chief Parts of the Engine carefully meafur’d, and laid down from proper 
Scales, at my Defire, by Mr. Charles Labelye, formerly my Ditciple 
and my Affiftant, and fince that Time appointed Engineer of the 
Works of We/iminfler-Bridge by the Right Honourable, @&c. the Com- 
miffioners appointed by Act of Parliament for building the faid Bridge. 

Fig. 1. reprefents a perfpective View of the whole Engine ready for 
working, as it appears to an Eye feven Feet high above the Gronnd,. 
and at fix Feet Diftance from the neareft Corner of the Engine thro’ a 
vertical tranfparent Plane, that fhould be plac’d clofe to the faid Engine, 
and fuppos’d equally inclin’d (viz. at an Angle of 45 deg.) to the right 
Side, and to the hind Part of it. | 

Ir appears at firft View, (and ftill more plainly, if this firft Figure is 
compared with Figure 2. which reprefents a Plan of the Engine) that 
it confifts of a Ciftern about three times as long as it is broad: This 
Ciftern, which is to contain Water, is made of old well-feafon’d Engh/h- 
Oaken Planks near two Inches in Thicknefs, ftrongly faftened and 
framed together, and its Joints lined with Sheet Copper, and eafily 
moveable, by means of a Pole and crofs Bar, (which appears in this — 
View drawn out, at the furtheft End, which is the fore part of the En- 
gine) and of four folid Wheels, which fhall be more fully defcrib’d here-. 
after. Upon the Ground next to the hind part of the Engine may be. 
{een a Leathern Pipe of about two Inches Diameter, the End: of which 
may be {crew’d on and off upon oceafion, at the lower End of the Ci 
tern, to a Brafs Cock, which fhall be defcrib’d at large. The Ufe of 
this Pipe is, that when Water is to be had near the Place where the: 
Engine is to work, fuch asa Pond, a Kennel, ora Fire-Plug, the lower 
End of this leathern Pipe being immets’d in the Water, it becomes a: 
Sucking-Pipe, which furnifhes the Pumps of the Engine by its working, 
without any necetlity of pouring Water into the Ciftern, 

OveR the upper End of this Pipe may be feen a wooden Trough 
faften’d to the hind Part of the Ciftern, with a Copper Grate that keeps: 
Stones, Sand, and Dirt out, but lets into the Ciftern the Water that is 
brought for the ufe of the Engine, when the Sucking-Pipe cannot be 
uied. The fore Part of the Ciftern is alfo feparated from the reft of its 
Cavity by another Copper Grate, as may beit be feen in Figure 2. and 


_ ferves as another Trough, in which, as well as in the laft-mention’d 


Trough, the People who fupply the Engine with Water, can pour ‘it, 
without any Hindrance to thofe who work the Engine at the long Sides, 
by moving the Handles which work the Pumps up and down, in-which 

Work 
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Work they are greatly affifted by three or four People, who at that Leét.XII. 
time get up upon the Engine, and ftanding upon two fufpended Tred- 
dles throw their Weight alternately upon each of thefe Treddles, keeping 
themfelves {teady by laying their Hands, or taking hold of two round ho- 
rizontal Rails, that are framed for that purpofe into four vertical Stands 
made of two Inch Planks, which reach to the Bottom of the Ciftern, 
es are well faften’d to its Sides, as plainly appears in this perfpective 

iew. 

Ciose to the hind Trough may be feen an Iron Handle or Key, 
which ferves to open and fhut a Cock placed under it, on the Bottom of 
the Ciftern. The Ufe and Contrivance of this Cock fhall be defcribed 
hereafter, Next to this Cock, and right under the Point of Sight 
of this perfpective Draught, may be feen a fort of an inverted pyramidal 
Box or Cafe ; the Ufe of which, in the firft place, is to preferve the two 
Pumps and the Air-Veffel from Duft or Dirt, when the Engine is laid 
by, which if left open, would thereby foon be out of order; it ferves 
alfo to fupport a wooden Frame near two Feet fquare, on which ftands 
a Man, who by turning the Spout, and raifing or deprefling it, dire@ts 
the Stream towards the Places where it appears to be moft wanted. 
This Spout is made of two Pieces of Brafs Pipe, each of them having an 
Elbow, as may be feen in this Figure. The lower of the two is fcrew’d 
over the Neck, or upper End of the Pipe that goes thro’ the Air-Veflel, 
and the upper Part of this Spout fcrews on to the lower by a Screw of 
a pretty many Threads, fo truly turn’d as to be Water-tight, without 
any help, in every Situation. 

On the hindmoft Side of this Enclofure may be obferv'’d a little Flap 
or Door, which opens by raifing it round the two Brafs Hinges at top ; 
when lifted, it difcovers a Leaf of tranfparent Horn that covers a printed 
Paper, which Mr. New/ham generally annexes to each of his Engines, 
containing proper Directions how to ufe and keep them in good 
Order. This Leaf of Horn is very prudently fubftituted for a Pane of 
Glafs, which would be in great danger of breaking by the fhaking of 
the Engine, when it is drawn upon paved Stones, or rough uneven 
Ground. 

Beuinp this truncated pyramidal Enclofure may be obferv’d a 
ftrong Iron Bar lying in an horizontal Pofition over the middle of the 
Ciftern: This Bar plays in Braffes properly faften’d and: fupported by 
two wooden Stands, one only of which is to be feen in this Perfpective 
View, placed between the two fore Stands of the upper Rails: The other 
Stand, on which itis fupported, is hid in the Enclofure over the hind 
Part. Upon proper Squares of this Bar are fitted (one near each End) 

AVEG yh: two 
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Le&. XII. two {trong crofs Bars, which embrace or take hold of the long woodea 
cylindrical Handles, to which the Men employ’d to work the Engine 

Plate 44 and 4oly their Strengths very advantageoufly, their Stroke not reaching 

ey, higher than their Neck, nor lower than their ‘Thighs, (as it ought to be 
in that way of working) and in which they are greatly affifted, as. was 
{aid before, by the Men who work the Treddles. 

TueseE Treddles are fufpended at each End by Chains made like a 
Watch-Chain, every Link about two Inches long, and of a futhcient 
Strength and Thicknefs ; thefe Treddles receive their Motion jointly with 
the Handles that are of the fame fide, by means of two circular Seétors 
of Iron faften’d together, and fix’d upon proper Squares of the middle 
horizontal Bar: the two fore ones may be plainly feen in this perfpective 
Draught; but the two hind ones are hid by the Enclofure already men- 
tion’d. Thefe hind Pair of Sectors are the fame in Size and Figure: as.the 
two fore ones, excepting as to their Thickne(s, for the fore ones are made 
to carry only one Chain each, one End of which is faften’d to their upper 
Part, and the lower End is fatten’d to the 'Treddles;, but the Sole of the 
two hind Sectors are made wide enough to carry two Chains each; one 
Set is faften’d as the fore ones for the Motion of the Treddles, but the 
other two'Chains are faften’d by their lower Ends to the lower Part of 
thefe Sectors, and by their upper Ends to the Top of the Pifton Bars, 
to give them Motion, which is reprefented at large in Fig. 6. ie 

As lam going to defcribe the principal Parts at large, it is fufficient 
to add to the general Defcription of this Engine, and the Explication of 

i this perfpective View of it in Fg. 1. that the Pole and cro Piece, 
which is feen in the fore Part, and fartheft from the Eye, are fe. con- 
triv’d as to flide back under the Cover of the Ciftern, when the Engine 
is brought where it is to work, and to remain there out ef the way of the 
People that bring Water to the fore Part of the Engine, (the whole En- 
gine being made to ftand in a very narrow Compafs) and yet is ready 
to be drawn out as it is reprefented, whenever there is occafion to move . 
the Engine. : ee 

Fig. 2. reprefents the Plan of the faid Engine, or rather an horizoa- 
tal Section of it taken juft above the Bottom of the Ciftern But 
before I proceed further, itis proper to obferve, that to avoid the inferting 
every where the Dimenfions of the Parts, (in order to give a true Idea 
of them) the Figures 2d, 3d, 4th, and 5th, are carefully laid down 
from the leffer of the two Scales; and the reft of the Figures, viz. 6th, 
7th, 8th, gth, roth, and 11th, are as carefully laid down from the 
larger Scale, the better to fhew them from, and to enable the Readers 
to meafure any of the Parts, : 


To 


Mr. Newfham’s FirE-ENGINE. 509 


To proceed now, the Letter A (fee, Fig. 2.) fhews the fore Part of Lect. XII- 
the Ciftern, which is feparated, to ferveas a Trough, from the reft of its sv 
Cavity, by a Copper Grate reprefented by fhort vertical Strokes, mats 4 

B is placed behind the hind Part of the Ciftern, and isin the middle 
of the hind Trough. 

C, D, E, F, fhaded with horizontal Strokes, reprefent the lower 
Plan or Seétion of the four Stands which fupport the Hand-Rails. 

G Hand1 K, thaded alfo with horizontal Strokes, reprefent fo much; 
of the two Axle-Trees as can be feen from above; the hind one I K ts 
faften’d acrof§ under the Bottom of the Ciftern, but the fore Axle- 
‘Tree G H is put on a {trong Pin or Bolt N, ftrongly fgften’d in an 
horizontal Situation in the middle of the Front of the Bottom 
of the Ciftern, by which good Contrivance the two fore Wheels and 
their Axle-Tree have (when neceflary) a circular Motion. round the 
Bolt N; which affords this great Conveniency to the Engine, that it 
ftands as firm and fteady on rough, uneven, or even floping Ground, as 
if it was level. | 
~ Land M,, fhaded with vertical Strokes, reprefent the Section. or lower. 
Plan-of the two Stands, on which the middle Bar plays in Brafles; thefe 
two Stands (for greater Steadinefs) are ftrongly faften’d at their Tops by. 
Iron Bars.that go thro’ the two Stands, (already defcribed) between 
which each of thefe is placed, as may be feen in the perfpettive View, 
Fig. 1. 

6, P, Q,, fhaded with horizontal Strokes, reprefent the Plan and the 
Shape of a {trong Piece of caft Brafs, (or rather hard Metal) about. three 
Inches thick, fo work’d as to have a Hollow of about two Inches {quare, 
near one End of which is adapted the Cock Q._ At fome diftance from 
this Cock the Hollow branches itfelf into two, as may be feen by the 
faint Lines in this Figure, and opens on the upper Surface of this Piece 
juft under the Places where the Valves of the Pumps are put. This 
Piece of Metal lies flat upon the Bottom of the Ciftern, to which it is 
ftrongly fixed in the Situation reprefented by this Figure. It may be 
call’d the Sucking-Piece, thro’ which Water 1s convey'd to the Pumps 
by the Preflure of the Atmofphere, either from the Ciftern itfelf when: 
the Cock Q_is turned in a certain Situation, of from any Water at a. 
diftance by means of a leathern Pipe, (which {crews on to the Sucking- 
Piece at B under the hind Trough) when the Cock is turned in another 
certain Situation, All that remains to be explain’d in this Figure Is, 
that between P, O, and Q there isa Circle of Dotts which reprefents 
the middle Section, and the Situation of an Air-Vefiel, of which I fhall 
fpeak prefently, and:to obferve. that the Top of this Ciftern is ua Sy 
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by one, two, or three Tranfoms or crofs Pieces about two Inches thick, 
according to the Size of the Engine; there are three reprefented in this 
Figure, one between C and D, anotlier on which is the Letter M, and 
a third between thefe. two. 

Fig. 3. reprefents the upper Plan, end the Shape of another Piece 
of caft Brafs or hard Metal, about 3 Inches thick, having two Hollows 
marked in faint Lines, near two Inches fquare, which open two Commu-. 
nications from the Holes O and P, to two other Holes in the upper Sur- 
face at R and'§, over which is placed the Air-Veflel, 

WueEn the Engine is together, this Piece, which may properly enough 
be called the Communication-Piece, is placed exactly over the fucking 
Piece O PQ, to which it is ftrongly faftened by feveral Screws, in fuch 
manner that the Parts marked with the fame Letters O and P in this and 
the 2d Figure, are exactly one over the other ; and the Holes mark’d R 
and S in this 3d Figure, are exactly over the Diameter of the Circle of 
Dotts in Fg. 2. Between the Sucking-Piece, reprefented in Fig. 2. and 
the Communication-Piece, reprefented in this 3d Fig. are placed two Plates 
of Ox-Leather, in order to make the two Piéces water-tight ; and thefe 


._ two Plates of Leather are fo contrived as to form the two fucking Valves 


over the Holes O and P, as fhall be explained hereafter. 

Fig. 4. reprefents the Shape of the Brafg-Flanch to which the Ajr- 
Veffel is foldered; when the Engine is together, the Holes R and S. 
of this Flanch are exactly over the Holes R and S in the Communica. 
tion-Piece, reprefented in the 3d Figure; to which it is: alfo: ftrongly 
faftened with feveral Screws. Between the laft-mentioned communicating 
Piece and this Flanch of the Air-Veffel are placed two other Plates of 
Ox-Leather, which form the 2 Valves of the Air-Veflels, as thall be bet- 
ter fhewn when I come to explain the Seétions of this Engine. 

fig. 5th. reprefents the Elevation and outward Shape of a large Cop- 
per Air-Veffel, which receives the Water forced into it by the Action 
of 2 Pumps, thro’ the 2 Holes in its lower Flanch ; the Letter T thews 
the Top of a Copper-Pipe within the Air-Veffel, and foldered to its up- 
per Neck, which reaches within a few Inches of the Bottom, When 
the Engine works, the Water is forced in a conftant Stream, and almoft 
uniform as to its Velocity thro’ this Pipe and the Spout or Leather-Pipe 
which is {crewed to it at T, by the Action of the Forcers in the 2 Bar- 
rels and the Re-aétion of the Air contained in the Air-Veffel ; which Air- 
Veffel being very large in thefe Engines, renders the Stream much more 
uniform than in thofe that have either {mall Air-Veflels only, or none at 
all ; which Sort of Engines throwing the Water by Spirts, are commonly, 
and not improperly called Squirting Engines : however, in fome cafes, thefe 

: have 
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have their Ufe, on account of their Stream (though interrupted) being 
much {marter than when the Engine is made to throw the Water in a 
conftant Stream. 

Fig. 6. reprefents the two hind Iron Sectors laid down from a larger 
Scale, and all their Apparatus, as they would appear to a Perfon 
ftanding between the two Fore-Wheels, and looking from thence at the 
hind-part of the Engine. “The Square over the Letter A, reprefents the 
Section of the middle Bar, on which, right over the two Barrels, are placed 
the two Sectors BCA and DEA forged together, 

FGHK, and its oppofite fg 2, reprefent the Figure of the two 
Pifton Rods. ‘The Openings between the Letters GH and g 4, are the 
Places thro’ which pais the hind Parts of the two Treddles. . 

L, and M reprefent two ftrong Iron Studs, riveted on the other fide 
ef the Bars on which they are placed : To each of thefe Studs is faft- 
ned a Chain like a Watch-Chain, the upper Ends of which are faftened 
to the upper Extremities D and B of the Iron Sectors, by which they 
are drawn up and down alternately. Thefe Se€tors give alfo an alternate 


5 II 
Lect, XII, 


a 
Plate 44 and 
45. ; 


Motion up and down to the Pifton-Rods, by means of two other Chains: 


(left white in this Figure for Diftin@tion-fake;) the lower Ends of thefe 
two Chains are faftened to the lower Extremities of the Sectors E. and ¢, 
and their laft Links at their upper Ends are made like a Piece of a {quare 
Bar of Iron about 2 or 3 Inches long, each ending in a Male-Screw, 
which goes thro’ the upper Ends of the Pifton-Rods (made crooked on 
purpofe,) and the whole made tight by the 2 Nuts at F and f. It mutt 
be carefully obferved, that the Shape of the Pifton-Rods and the Size and 
Situation of the Chains whence they teceive their Motion, is fo well con- 
fidered, that the Axis or middle vertical Line of the Piftons is exaétly in 
the middle of the Breadth of the perpendicular Part of the Chains, and 
of the upper Part of the Pifton-Rods taken together. 

PQ reprefents one of the two Crofs-Bars, thro’ the Ends of which 
go the long Handles to which the Men apply their Hands when they 
work the Engine ; thefe Crofs-Bars are alfo fitted on the middle Bar (whofe 
Section is mark’d over the Letter A) but at fome diftance from the Sec- 
tors, as will beft appear in the Sections. The Sectors placed on the fore- 
end of the middle Bar, are of the fame Size and Shape as thefe, but not 
fo thick, becaufe they carry only one Set of Chains to give motion to 
the other End of the Treddles, | | 

Fig..7. veprefents a vertical: SeCtion taken thro’ the middle Line 
of the hind-part of the Engine, as alfo the Section of the Air-Veffel, and 
that of one of the Barrels, as alfo the Profils of the hind Sectors, and of 
feveral other Parts, 


I AB 
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Lect. XII. AB isthe SeCtion of the Bottom of the Ciftern; under which at C 
t—-~--—~ may be feen’ the Section of the hindmoft Axle-Tree faftened under that 
Plate 44 and Bottom, 

‘i DE is the vertical Section of the fucking Piece, whofe Plan is repre- 
fented from a leffer Scale, in Mig. 2. The hollow Part left white, reaches 
from the Opening D thro’ the Cock W, and afterwards divides it felf, as 
may be fecn in Fig.2. foas to open under the two Barrels; one only of 
which is reprefented in this Section, the other being exaétly behind this. 

FG reprefents the vertical Section of the Communication-Piece, 
whofe Plan is alfo reprefented from a leffer Scale, in Fig. 3. There are two 
Hollows in this Piece, which conveys the Water from under the two Pit 
tons to the two Openings of the Flanch of the Air-Veffel; but only one 
of thefe Hollows can bereprefented in this Section, the other lying exactly 
beyond this, tho’ not in a parallel Direftion, as may be feen in Fig. 3, 
Between the Setion of the Sucking-Piece D E, and that of the Commu- 
nication-Piece FG, may be obferved the Section of one of the Plates of 
Leather, which makes all tight, and forms one of the two fucking Valves, 

_of which there is another juft behind this under the other Barrel. 

RST is the Section of the Air-Veffel, and T V is the SeGtion of the 
Conduit-Pipe; this Veffel is fcrew’d on the hind-part of the Commu- 
nication-Piece, and is alfo faftened at top by a Collar of Iron, and {crews 
to a crofs Piece of Timber not reprefented in this Se€tion. Between the 
Flanch of the Air-Veffel and the Communication-Piece may alfo be ob- 
ferved the Section of one of the Plates of Leather which makes all tight, 
and forms one of the two forcing Valves, of which there is another jut 
behind this, juft over the other Opening of the Communication-Piece 
into the Air-Vefiel, 

HI is the Section of one of the Barrels of the two Pumps, which are 
both fucking and forcing, as is evident from the Pofition of the Valves, 
and the Structure of its Piftons ; each of which is compofed of two Iron 
Plates, of two wooden Trenchers, and of two flat Pieces of Leather turn- 
ing one up and the other down. One of the Methods of entering this 
Pifton into its Barrel may be as follows: Firft put on the lower End of 
the Pifton-Rod the upper one of the Iron-Plates clofe to a Shoulder forged 
there on purpofe, as may be feen in Fig. 6. Then put on the upper 
wooden Trencher, clofe to the Iron Plate; and next to. that, put on the 
upper Piece of Leather broad enough all round to turn up, as in the Fi- 
gure ; then enter the Pifton-Bar (thus far equipt) into the upper End of 
the Barrel to which it belongs, and force it down fo far thro’ it, as to be 
able to put on at the other End of the open Barrel the lower Piece of 
Leather entirely fimilar to the upper one, clofé to that upper one; then 
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the lower wooden Trencher clofe to the lower Piece of Leather, and clofe Leét. XII. 


to this lower wooden Trencher, put on the lower Iron Plate, and then 
fecure the whole by means of an Iron Nut which {crews on the lower 


ent need 
Plateq4,&45.. 


End of the Pifton-Bar, as may be feen in Fig. 6. After which the Pifton-_ 


Rod being drawn up, fo as the whole Pifton be within the cylindrical 
Cavity of the Barrel, the lower Plate of Leather will be forced to bend 
downward all round, and the upper one to bend upwards all round; and 
then the Barrels being {crewed in their Places, will be in a working 
Order, | 

LK teprefents one of the Pifton-Rods edgewife, as it muft appear 
in this Section ; behind which is one of the Chains (which except the 
Top Screw K cannot be feen in this Figure ;) this Chain is the fame as 
one of thofe left white, in Fig. 6. mark’d fg b&, 

M reprefents the End of the middle Bar, which communicates from 
this hind-part to the fore Sectors; it plays on Braffes; the Seétion 
of the one of which is reprefented in this Fg, fhaded with vertical 
Strokes between the Letter M and the Letter N; which Letter N repre- 
fents the Se€tion of the hindmoft of the two middle Stands, which fup- 
port the middle Bar. 

O reprefents the End of the Profil of one of the.Treddles, going 
thro’ the Pifton-Rods in rectangular Holes, to be feen in Fig. 6. The 
Weight of the People that ftand on thefe Treddles when the Engine 
works, brings them and the Pifton-Rods down alternately, and they are 
raifed up again by help of the other Set of Chains, one of which may be 
feen edgewife in this Figure, placed on the Sole of one of the Sectors, 
and faftened by its lower Extremity to a ftrong Iron Stud, already de- 
feribed in explaining Fig. 6. whofe Profil may alfo be feen in this Figure 
juft above the Profil of the Treddle. 

PQ is part of one of the Cro{s-Bars (which carry the Handles) feen 
edgewife, which fhew how they are faftened on the middle Bar. 

XY reprefents an Iron Handle, by the help of which the Cock W 
may be placed in the feveral Situations which are neceffary for the Service 
of the Engine, as I fhall explain prefently after. 

Laftly, Rounp the Letter Z may be feen the Seétion of the Hind- 
Troughs, in which Watcr being poured, it enters the Cavity of the Ciftern 
(leaving Sand, Dirt, and Scones in the Trough) thro’ a Copper-Grate, the 
SeGtion of which is reprefented in this Figure thaded with. horizontal 
Strokes. 

Fig. 8. REPRESENTS the Plan of one of the Valves, for example, one 
of thofe which are placed under the Flanch of the Air-Veflcl; it is made 
(as was faid before) of a Plate of Leather cut out, as is reprefented in this 

Vo, I. Uuu | Figure 
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Lect. XII. Figure fhaded with horizontal Strokes, the Flexibility of the Leather 

t—Y—— (efpecially when wetted) in that part of the inner Circle of the Valve 
by which the Flap of it joins the reft of the Leather, affords a very cheap, 

Plate44,&45- proper, and fufficient Hinge for the Motion of the Valve up and down. 

Tu Top of the Flap of this Valve is loaded (in order to make it fhut 
the clofer) with a Lump of caft Iron, or Lead, having a Tail or Teat — 
projecting from its under Surface, which is let thro’ the Flap of the Valve, 
and crofs-pinned under it ; the upper Surface of this Lump is feen in this 
Figure, {haded with vertical Strokes ; and the Section of the faid Lump, 
with that of its Za‘) or Teat, and Crofs-Pin, may be feen in Fig. 7. 
Whereupon it is to be obferved, that in Fig. 7. both theValves have been 
reprefented open (the better to fhew their Shape and Situation) tho’ they | 
are never both open ; for when the Engine is not at work, they are both 
{hut down by the Weight of the Lumps on their Tops; and when the En- 
gine works, there are always two of them fhut, and the other two open 
alternately, by the Motion of the Piftons and the Action of the Atmo- 
{phere, with the Re-action of the Air confined in the Air-Vefiel. 

Tue oth; roth,and 11th Figures reprefent the Section of the fame Cock 
W, (which has three Holes in it left white or unfhaded in thefe Figures) 
in the three different Situations which I am going to explain. fig. 9. 
reprefents the horizontal Section of the Cock, when the Handle is as in 
the Situation reprefented in Fig. 7. or in the perfpective Draught, Fig. ¥. 
that is, when this Handle lies in a Direction parallel to the Piece DE or 
to the middle Bar, the Handle is fo placed when there is Water near 
at hand to work the Engine by help of the fucking Leather-Pipe, re- 
prefented in the firft Figure ; in which cafe it plainly appears, that the 
Water entering at D proceeds (dire@tly thro’ the Cock W) in a ftreight 
Line to the Valve under the two Piftons; and in this Pofition, there is no 
communication from the Barrels with the Cavity of the Ciftern. 

Fig. 10. Represents the horizontal Section of the fame Cock W, 
when the Handle (KY in Fig.7.) is turned one quarter of a Revolution 
towards the Eye from the laft-mentioned Situation, in which cafe there 
is no communication from the Barrels with the outer Extremity of the 
fucking Piece, but the Water that is poured in the fore and hind Trough 
(when none is to be had without fetching it from farther than the Lea- 
thern fucking Pipe will reach) paffing from thence in the Cavity of the 
Ciftern, enters the Cock fidewife at W, in this Figure, and turning at 
Right Angles thro’ the Cock towards E, proceeds to the Barrels of the 
Pumps. 

Tue rith Fig. reprefents the horizontal Section of the fame Cock W,: 
when the Handle is placed in a Situation diametrically oppofite to a 

| O 
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of which I have been laft fpeaking. In this Situation of the Cock, there is Lect. XII. 
no communication from the under-fide of the Barrels, with the Cavity of —“w— 
the Ciftern or the outward End of the fucking Piece; but this Situation 
affords a Communication from the Cavity of the Ciftern with the out. 
fide of the Engine ; the Cock is commonly placed in this Situation when 


the Engine has done working, to employ the Water left in the Cavity of 
the Ciftern, | 


BeForeE | conclude the Defcription of this ufeful Engine, I muft ob- . 
ferve that there are 5 or 6 Sorts or Sizes of them, and that even the 
largeft of them (all ready for working) can pafs thro’ a Door or Paffage 

fomething lefs than 3 Foot wide, which is a Conveniency and. Advan- 
| tage peculiar to it, which is very well worth obferving ; and that having 
examined the Conftruction and Operations of the feveral Parts of many 
of thefe Engines, it is my humble Opinion that nothing can be altered in 
; them for the better——The Engine here defcribed is one of the fecond 
_ Size, or of that Size next to the largeft. But to thew a comparifon 
of them all, here follows a Table which is taken: from Mr. New/ham’s 
(the Maker’s) printed Papers, given away to his Friends, 


How many Men may be applied to each Engine, and leave fufficient 
room to pour in Water: Which is a Convenience of great advantage ; 


tho’ any Number can work them to more purpofe, than they are able 
to work any-other fort. 


} - The firft Size 8 4th, 18 | 
i 2d. 14 GD .a 22 - 
: 3d. TOAP Geb SA 

, 1 Garden Engine 2 

; 2d Garden Engine 4 

Hand Engine 1, dut is of a different Make. 


—— ms 
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How much Water the|How many Gallons dif-|At what Number of 
Cifterns hold in Gal-| charged per Minute. | Yards diftant. 
lons: Wine-Meafure. 


ft, 50 4th, 146] iff, 70 4th, 150 iff, 37 4th, 48 

URAL SO "sta, 170 2d,100 sth, 170 2d, 40 §th, 50 
34,120 6th, 196 3d,120 O6¢b, 200 34, 45 6th, 52 

1/# Garden Engine 20|1// Garden Engine 30/1? Garden Engine 25 
2d Garden Engine 30/2d Garden Engine 50|2d Garden Engine 33 
The Hand Engine 12/The Hand Engine 25/The Hand Engine 15 | 


An Account of Ten Conyeniencies.. peculiar to Mr. Newsy AmM’s 
. Engines. . . 

I. Hrs Engines, by a new Contrivance in the fore Axles; will ftand 
upon any uneven Ground without rocking, even when the full Number 
of Men are at work in Extremity. 

IJ. Twerr Carriage- Wheels are never to be/bolted,; and yet the En- 
gine ftands firm,-without moving backwards “and forwards whilft it ‘is 
playing a continued Stream of Water at Fires, 

Ill. Tury are fixed to Crank Axles ; ;by, which Improvement the En- 
gine runs upon larger Wheels, without raifing the Ciftern aboye the power 
of the Men who work it,. and is lefs liable to be overturned, in running 
along the Streets. a ie: 

IV. Turse Engines are fo contrived, that the largeft may be inftantly 
turned about any way, in the: compafs it ftands in, by one Man, tho’ 
half full of Water. ¥ 

V. Tue largeft will ftand ona Space of one Yard in Breadth, and in 
compleat working Order, fo that Carts may pafs and repafs:- But another 
Kind of large Engine that is wrought at the Ends of the Ciftern whten 
fix’d for working (without any Men) takes up nine or ten Feet fquare : 
So confequently leaves no room in narrow Streets for Carts to carry off 
Goods in danger. | 

VI. His Engines are provided with his new-invented Cock, which, 
with a quarter Turn, opens one Paflage, and fhuts another, which is the 
caufe of Suction, or playing out of the Ciftern, as occafion requires; 
this Turn may at any time be made whilft the Men are at work, and 
fo quick, that no Variation can be obferved in the Stream; and what is 
extraordinary, the Engine by this Cock fupplies itfelf with Water, and 
plays a clofe and continued Stream, although no Water be in the Ciftern. 


VII, 
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VII. Tue Staves which the Men work by, are always fixed, fo that Lea, XII. 
nothing is to be taken out or put in; but the Engine is in immediate —~v—~ 
readine(s, either to work or move out of danger; alfo the Staves and 
Leavers are very light, as alternate Motions with quick Returns require ; 
yet, will not {pring and lofe time in the leaft ; but the Leavers and Staves 
of fuch Engines as are wrought at the Ends of the Cifterns, are not only 
heavy, but will {pring or break, if they be of fuch a length as is necef- 
fary for a large Engine, when a fufficient Power is apply’d; and cannot 
be fix’d, becaufe they muft at all times be taken out (tho’ 14 Feet of 
Room is required for it) or have an Alteration equivalent, before that En- 
gine can go through a Paflage. 

VIll. Tuatr the Men may hold it working a long time together 
without refting, he has contriv’d Conveniencies for many Men to work 
at each of the 3d, 4th, sth, or 6th fiz’d Engines, which do alfo augment 
their Performances. Thus 24 Men can work at one of his largeft (tho” 
not nine Feet long) with equal Power and Advantage, by Hands and 
Feet jointly, or at pleafure with eighteen by Hands only, and leave room 
to pour in fix Buckets of Water at a time, (which drains through large 
Copper Strainers.) This Conveniency is abfolutely,necefflary where Suc- 
tion cannot be had: But is entirely wanting in Engines that work at the 
Ends of the Cifterns, becaufe they cannot allow Water to be pour’d in, 
whilft a fuflicient Number of Men are at work. 

IX. Tue Forcers of his Engines, by contrivance of a Wheel and rivet- 
ed Chains, ({trong enough to hold three times the Strain that can ever 
be given them) make a perpendicular Stroke, which produces a more evens 
and clofe Stream, and is one caufe of throwing more Water to the End 
thereof ; alfo occafions lefs Friction, and wearing of the Forcers; and by 
means of this perpendicular Motion (with the fame purchafe, in the fame 
time, and with the like power apply’d to his Engines, as to thofe whofe 
Forcers do not move perpendicularly) he makes a longer, and a more 
effectual Stroke: Whereas the Leavers in other Engines, which give the 
Motion to their Forcers, by defcribing an Arch, caufe them to move in the 
Barrels with an unequal Velocity, being quickeft, and hardeft to work at 
the middle of the Stroke, juft where the Men have the leaft operating 
Power to apply. 

X. His large Engines may be play’d by Suction; with nine or ten 
Men in a Paffage, three Foot and an half wide, or with feven or eight 
Men, and leave room to pour in Water by three Buckets at a time: 
Neither of which can be done with Engines that work at the Ends of the 
Cifterns, becaufe their Sucking-Pipes are fcrew’d upon the Sides of the 
Engines; and having Hoops within to keep them open, they require 
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Lest. XIE. more room than a.narrow Paflage-will allow. ; and as the Men ave to ftand 
Ui —— at the Ends of the Cifterns, they muft of confequence take up all the room 
in fuch a Paflage, fo that it will be impoffible to pour in Water whilft 
they are at work. And no Engines are lefs liable to diforder than thefe ; 
nor fo eafily repair’d. Yet particular Directions in Print to render it 
more eafs, are durably fixed unto them. | 
THERE isa miftake very common among fuch as are not well acquaint- 
ed with the Laws of Nature, and the Effe€ts of mechanical Powers, who 
imagine, that the more Purchafe the Leavers have upon the Forcers in 
the Barrels (without any regard to Time) the greater the Performance, 
both as to Length of the Siream, and Quantity of Water delivered ; but 
tis well known that Notion is wrong, for the greater the Purchafe is, by 
applying the operative Power, more diftant from the Center, the flower 
will the Motion of the Forcers be; which is confiftent with all mecha- 
nical Effects; fo, what is thus gained in Force by the Power, is loft in 
Time. : 3 
Now, for an Inventer to have his Works invadingly imitated, or to 
have his ufeful Inventions fallacioufly reafon’d againft, is a great Hardfhip, 
and fuch pyratical Injuries do often occafion fome hurtful Events, and can 
no ways be profitable to amy: not to the invading Oferator; becaufe, 
(Price for Price) he cannot of a long time, and with a vaft expence, 
afford to equal thefe Engines; either in refpect to the Value of Materials 
put in them, or in the Goodnefs of Workmanfhip and their Perfor- 
mances: Therefore the Buyer is confequently deceived, by reafon of 
thefe unfeen Deficiencies, €c. and likewife, it here may be duly obferved ; 
that the common unhappy Fate, of leffening both Subjtance and Credit, is 
ufually found in fuch pernicious and hazardous Attempts: As to vie with 
one fo well f{kill’d in his Inventions; by a long Experience therein; which 
is the means of knowing all the beft Methods of proceeding in every 
Branch of the fame; both for himfelf avd a PusiicK Good. So upon 
the whole, he leaves it to the impartial World to judge whether the Man 
who finds out ufeful Inventions (and vends the fame for a moderate Gain) 
or he who only fteals them when found out, deferves moft En-= 
couragement. ji 


An Hydrofatical PARADOX explain‘d. 

MEETING with Objections in Print, to difprove, by fallacious Reafon- 
ing, what I have truely afferted from Experience: I here beg leave to 
offer this as an Explanation of the Paradox, which an Objector reprefents 
asa Falfhood. I afferted, ‘* That Ihad play’d Water (on a calm Day) 
“« upright to the Grafs-hopper.on the Reyal-Exchange, which is 55 Yards 
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« high, with my fifth Size Engine, which plays 170 Gallons a Minute.” Lect. XII. 
This was feen by many then prefent ; yet this Engine cannot throw Wa- “~~ 
_ter above so Yards of horizontal Diftante, tho’ the Spout be elevated to the 
moft advantageous Angle. Now a Stone, or Bullet, does. certainly go 
farther in Length, than in Height, when difcharged by an equal Power : 
Therefore the Objector fays, “* That by the fame Laws, Water fhould {pout 
“ much farther in Length than Height,” (contrary to my Affertion of the 
Matter of Fact.) Yet it is well known, that when Water is thrown to 
an horizontal Diftance with great Force,. the Stream {preads towards the 
End, and therefore being more refifted by the Air, falls fooner: But 
when a Stream is thrown upright, with this fame Force, and thro’ the 
fame Bore, ina calm warm Day, it then makes a {mall perpendicular Cy- 
linder in the Air, (which thus far aloft is much lighter) fo rifes up the 
fame in.a clofer Pillar ta the top ;. therefore it goes the greater Diftance in 
Height. 

ee a Stream is play’d horizontally, then upright, thro’ the fame 
Bore, (as above) by an: equal Power, not able to throw it above 30 Yards 
forwards, then the horizontal Diftance may be greater than the vertical ; 
_ becaufe, in fuch a cafe, the Refiftance of the Air (which is as the Square 
of the Velocity), is confiderably lefs to the horizontal Stream: As appears 
by obferving, that the Water does not then fpread at the End, as it does 
when the great Power is-apply’d, ‘This is my humble Opinion, which I 
here offer to the Curious; but, if lam miftaken in my Solution, yet the 
Faét is true: The like has been fufficiently prov’d, by feveral Experiments. 


RICHARD NEWSHAM. 


INOT A= 
ANNOTA 


§20 


ANNOTATIONS upon the Twelfth Le@ture. 


1. [Page 423-——The Reafon of the two foregoing Rules will be demon~ 
Jirated in the Notes.| Thofe Rules are made out as follows. 


Annotat. HE Length ofa Pendulum {winging a Second of mean Solar Time 
Lea. XII. (intercepted between the Centers of Sufpenfion and Ofcillation) has 
ye been found at London by fome late very accurate Experiments to be 


not lefs than 39,126 Inches, and not more than 39,130 Inches, at a Mean 
39,128 Englifh Inches. 

Now it is demonftrated, that the Circumference is to its Diameter multi- 
plied by the fquare Root of 2, as one Second, or 60” is to 27’”,009, the 
Time requir’d to fall ix vacuo thro’ the Length of fuch a Pendulum. More- 
over, the Spaces fallen thro’ in diffe;ent Times being as the Squares of thofe 
Times, the Space a Body falls iz vacuo in a Second of Time, will be found 
16,0913 Feet, and its fquare Root 4,0713 Feet. 

Anp at the End of that Time of one Second, the Body will have acquir’d 
a Velocity of 32,1826 Feet per Second. Now fince thofe Velocities are as 
the {quare Roots of the Spaces fallen thro’; if any Space fallen thro’ 
be = S, and the Velocity acquir’d be equal to V Feet per Second, we fhall 

; Feet eg oass Feet 32,1826x 4S © 
have this Analogy, 4,0713: 2% S:: 32,1826:V, whence 4.0713 V3 
that is, 8,02298 4/ S=V, or 64,2882 X S = VV, which fhews the Rea- 
fon of the firft Rule. 


Anp it is not lefs evident from the laft Equation, that we may conclude 
that <= 8, which fhews the Reafon of the fecond Rule, 


2. [Page 436.-—Remarks of mine upon this Engine will be found in the 
Notes.| It is not enough to make Pipes of a fufficient Strength to carry Wa- 
ter, according to the greateft Height of the Column, but we muft determine 
the Velocity with which the Water is to run in the Pipes, efpecially if it be 
driven from an Engine. I have found by many Obfervations, that four Feet 
in a Second is as faft as we ought to drive Water; but if we aim at raifing 
the greateft Quantity poflible, our Velocity muft be the lefs ; two Feet per 
Second, or in fome Cafes but one Foot, But I don’t mean that we fhould thus 
diminifh its Velocity in the fame Pipes ; for then we fhould indeed diminifh 
the Quantity: but make our Pipes accordingly larger. But if we aim at 
making Jets, and caufing Water to {pout to a great Height or Diftance, we 
muft not think to throw up the fame Quantity of Water as we could raife to 
that Height with the fame Power properly apply’d. For Example, tho’? a 
Man who can raifea Hogfhead of Water in a Minute ten Feet high, will an 

a 
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half a Hogfhead 20.Feet high in, the fate timey!and>a quarter of a’ Hogfhead Annotat. 
40 Feet high; yet if ufing the fame Pump and Pifton he diminifhes the Dia- Lett. XIE. 
meter of his afcending Pipe very) much, the Friction increafing will take off ——\—— 
from his Quantity. And if cutting off his Pipe near his Engine he puts on 

an Adjutage, or Spouting-Pipe, in otder to make it go the fame Height with- 

out a Pipe ; this cannot be done without giving a Friétion to wire-draw the 

Water, (as it is call’d:) and fo much of the ’Power'as is employ’d to ‘give that 

Friction, fo much muft be deduéted from the Quantity of ‘Water-to be rais’dt” 

He that would raife a great Quantity of Water by an Engine, muft not think 
to have a very good Jet from the fame Engine; nor muft he that contrives 
his Engine for a good Jet, think, with the fame Iungine to raife a great 
Quantity of Water upon occafion. Indeed with a great dealof Skill'in Hy- 
draulicks fuch a thing may be done, by making» proper. Changes occafionally ; 
but it muft be from the firft Intention ; that is, the Engineer‘muft’ have both 
thefe Ends in view before he contrives any |Part of his Engine. But if an 
Engine be contriv’d for making a good Jct, it cannot be applied for raifing the 
moft Water to a certain Height in a certain Time: nor can’ an Engine that 
raifes the moft Water that the Power is capable of, be made to work upa Jet 
with the beft Advantage. It would therefore be no unufeful Problem to pro-. 
pofe to hydraulical Performers ; The Quantity and Velocity of a Stream of 
Water, a certain Fall of a certain Quantity of Water, a determinate Number of 
Men or Horfes being givens to contrive fuch an Engine, that any of the Powers 
above-mention'd fhall troduce a Fet of the greatef Height thro’ an Adjutage of a 
given Diameter; or by a fudden Alteration in the Engine, raife the greateft 
Quantity of Water to a given Height.. . 

Tue late Reverend Mr. Holland,. Minifter of Amerfbury near Stonehenge in 
Wiltfhire, had a very great Genius for Mechanicks ; but was no Philofopher, fo 
as to be able either to calculate the Force of a Power, or apply it to the beft 
Advantage. In that he went by, guefs-work, as moft of thofe Perfons do 
Who put up Engines for raifing Water: for Example, he did not know how 
to meafure the Quantity of Water, he was to make ufe of, or how to propor- 
tion the number of Ladle- Boards or Floats in his Wheels: He knew that a 

reat deal of Friction was to be given to produce a very high Jet with but 
little Intermiffion of Variation in the Height; but provided he thought ‘he 
had Water enough, and that he gave Friction enough, he was. fatisfiedi: As 
for the reft, he was very exact and. fkilful, He ftrengthen’d his Pipes in. the 
beft manner: he made all his Work go.extremely true; and his Collars and 
Locks were never thought on before, and fo accurately perform’d as to’have 
no fenfible Shake, and the Time of the Forcers working nicely adjufted. 
'Thefe things being fo well executed, he fucceeded wherever he fet up any of 
his Engines ; except at my Lord Yinley’s, where Water, fince the firtt erecting 
the Engine, has fometimes been found: infafficient to play it, tho? when’ it. 
play’d, every thing expe@ed went right; but. that has not» been laid to’ his’ 
Charge as a Fault, being by many fuppos’d. not his Bufinefs to. confider 3 ‘tho’! 
a Philofopher will fay it ought to have been confider’d, and a Wheel muft Hi 
have been made accordingly. He ereéted an Engine for the late Earl of 
ee Al, X XX Pembroke 
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Annotat.) Pembroke'many Years ago3;:which, with a Wheel only of r2Feet Diameter, per- 

Lect. XIE. forms much better than my Lord Tinfey’s Engine did when it had not been long 

eyed fet up, and Mr. Besghtontook a Draught of it/in the Year'1720. Fhe prefent 
Earl of Pembroke having been fo good as to'favour me very lately with the 
Proportions of his Engine, I fhall thereby be.able to make the Comparifon of 
the Wheels. and Engines. « , My 6 
(MR. Holland knew -that-a Friction nwuft begiven’ to produce Velocity, and 
make-his| Jet. continuous ;-but diftributed: the Friction all over his Pipes, 
whereas it would have been. fufficient to’ have’ ecntracted his Main at the Ad- 
jutage, and near it, asl directed to.be done when a Jet is fupplied by a very 
high Refervoir; as it may be feen in the Fable‘ of the Height of Jets, Page 
131, and afterwards Page 137. Plate 12. Pig. 5. For due Contraction being 
made at the Adjutage, no more Velocity is requir’d in the Pipe of Condu& 
than what will: fupply the Jet of the Height and Adjutage that we want. | 

Pus, Faults:that my Friend Mr, Beighton found with Mr, Hollana’s Engine 
are truly Errors, as he calls them; but I muft animadvert upon them, be- 
caufe what I have to fay about them will be ufeful in other Engines. 

First Error. Lhe Motion isfo-very flow, that a great deal of Water will 

Slip by, the Forcers, unlefs they are very ftreight leather'd, and’ then there are 
very.great Erigions.. 
. Tere isa way of leathering: Piftons, fo.as to make'them {upport very 
great. Columns of Water without leaking, and increafe the Friction’ very 
little 5. which. Lfhall fhew in another Note ;: tho” believe Mr. Holland did not 
know that Method.. oS YS See veneer tee 

Seconp and third Errors. The lower Parts of the Cylinders or Pumps are 
Jo jmall, thet there’s a great. Friftion in receiving or filling the Pumps. And 
ihe Water. in. the. two feven: Inch Bores, or two fix Inches, is all forced thro a 
Pipe of lefs:than three Inch Bore: fo the Fridtion muft be prodigious great, For 
&e, the Quantity 85 anuft be forced: ox Wire-drawn thro’ nine, and in 
proportion: as nine to one. | bac igs 

Tress indeed: happen to’ be Errors here; but itmuft not be taken for a 
general, Rule, that. Wire-drawing the Water, as it is call’d, is always a 
Fault): for let the Water in a fmall Pipe go fafter than the Water in a. large: 
Pipe; eithen following/a Pifton of a large Diameter, or going before it ;, un- 
lefs this. wire-drawn: Water goes fafter than at the rate of four Feet. in a. Se- 
cond, the Motion is not too fwift, nor the Friction ‘too’ much. Here the, 
Water 1s wire-drawn toa Fault,: as we thall thew. |" ath a 

THe; Water here moves. in the feven Inch Barrel according to the Velocity 
of, its; Pifton, 1,2 Feet per Second; the Water that’ follows muft. there- 
fore (as the:{malleit of the Sucking-Pipes and! Valves will force it to go nine. 
times falter) move at the rate of ro,8 Feet pet’ Second, which is twice and 

* an half falter than it ought to: doj! which makes a confiderable Error, But if 

the Piftons, without: any Inconveniency to the’Engine, had mov’d fo much. 

- flower, and. been. confin’d ‘fo to do, that the Water following thro’ a fmall 
Pipe had fully fuppliedithe Pumps without’ moving fafter in the fmall Pipe 
than:four: Béet in a: Second’; this: would have been: fo far from an Error, 
| that 
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that it would have been a good piece of Oeconomy to have fubftituted a Pipe Aniotat.” 
and Valves of three Inches in Diameter, inftead of making’ the Pipes and Valves Le@t. XII. 
of feven Inches Bore, which would very much increafe the Foundet’s and ——— 
the Plumber’s Bill.: I' can fet this in no better light than by giving’ an Ac- i 
count of a Trial, wherein the late Mr. R. New/bom had like to have been 
caftin Weftminjier Hall, and made to pay a Penalty for having really fery’d 
the Proprietors of a Water-work, which he was employ’d to repair. The 
Cafe was this :'The Shadwell Company of Undertakers for raifing Thames- 
Water to fupply the Neighbourhood, make ufé of Engines whereby Horfes 

7 draw round'a Wheel, which brings Water into feveral Pumps, and join into 
one Main (or Pipe of Conduct running in the Street) the Water of feveral 
Pumps, fuppofe of three; in order to fupply the feveral Streets which thofe 
stiechy go to, where they are again branch’d into {niall Pipes to go to private 
Houfes. By EB ft RP ER 

Mr. New/bam obferv’d, that in'the Part of Horfe-work they’ ‘had given 
him to mend, there was occafion for three Pumps of feven Inches Bore to keep 
an Uniformity with. the reft of the Horfe-work ; and that the Water of 
thefe three Pumps muft be conducted all into a fix’d Main of fix Ihches Dia- 
meter} which could not be alter’d or remov'd..”’ Upon this, (tho? advifed to 
make Valves, and the Horfe or Communication Piece as big in Water-way as 
the’ Barrels) he made them of only four Inches’ Water-way, becaufe in fo 
doing he fav’d the Company 40 or 50 Pounds in the Expence of Brafs, ‘which 
large Valves, &c. would have requir’d:''(tho’, by the by, we may obferve 
that he'would have had his Profit in that, one of his Partners being a Founder.) 
- He confider’d that the Valves, of which there were three, were full as big as 
the prefent Occafion requir’d. For‘example; ‘each Valve being of four frithec 
Diameter, the Water-way of each may’ be call’d 16, which multiplied by 3 
makes 48, the whole Water-way thro’ the’'three Valves; but the Main to re- 
ceive this Water being only of fix Inch Bore, had only 36 Inches for its Wa- 
ter-way ; and therefore could not carry off the whole 48 that the Valves 
could fupply : fo that there could be no Hindrance or Check’ to the Water at 
the Valves; and’therefore if the Water was Wire-drawn, it was Wire-drawn 
thro’ the fix Inch; for provided the Valves had more Water-way than the 
Main, ‘no matter what was their Diameter. © | : — 
New/bam was accus’d of having done the Shadwell Company wrong, in that 
inftead of repairing one of their Engines in an honeft and Workman-like. Manner, 
he had fet up Valves of fo {mall Water-way, that their Horfes work’d the harder 
in drawing about the Wheel, becaufe the Fercers went fo much the harder in their 
Barrels for the Water being Wire-drawn , and that thereby the Tenants could 
~ wot be ferv’d with their full Quantity of Water, as ufual, to the great Detri- 
ment of the Company ; and confequently that Newtham, infread of being paid for 
bis Work, ought to make Reparation to the Company for the Injury he had done 
them. 
Iv took up fome time, and it was with no fmall Difficulty, that the Plain- 
tiff’s Witnefles made the Lawyers underftand what was meant by Wire- 
drawing Water ; at lait it was clear’d up this way.———A_ Barrel of feven 
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Annotat, Inches Bore has 49 Inches Watet-way 3 the Valve or Clack is but four Iaches 
Lect; XII, Diameter, and its Water-way 16. Now this Newham at every Stroke of 
nya every one of his three Pumps has made the Water contain’d in a Barrel of Ag 
Inches Water-way fqueeze thro? an Hole of only :6, Inches Diameter. 
If this could be prov’d, the Jury muft fied for, the Plaintiff. It- was. foon 
prov’d that Mr. Neww/bam’s Barrels were of feven Inches Bore, and the. Valves 
only of four Inches, and therefore that he had made? all ‘the Water ‘of 49 
Inches. pafs thro’ 16 ; and if this was call’d Wire-drawing of Water, he had 
Wire-drawn it very much to the Prejudice of his Employers, When Mr, 
New/bam’s Witnefles (of which I was one) were'call’d, it was impoffible, to 
make the Lawyers underftand, that there. could be any kind of Wire-drawing 
of Water not burthenfome to an Engine, .. They; had given their Attention 
long enough to hydraulical Terms in learning to know what Wire. drawing of 
Water was, to hear with any Patience any thing more concerning the feveral 
forts of Wire-drawing, efpecially that any forts of it‘could be unhurtful, In 
- vain was it fhew’d that the Water-way of the Main that carried off all the 
Water, being but of fix Inches Diameter, had but 36 Inches Water-way, and 
could not carry off all the Water, which his three Valves. (whofe Water-way 
taken together was 48 Inches) was continually fupplying ; and therefore that 
the Refiftance was at this Main, a Pipe not of his laying, and that he could 
not take away. At laft one Gentleman, of more Attention than the reft, 
with much ado made the Court underftand the thing, and prevented the Jury 
from giving their Verdict for the Plaintiffs againt Newham. This thews how 
Men of the beft Senfe may be led into great Errors for want of a thorough 
Attention. | ri” 
~ Having now fhewn that Water is Wire-drawn to Difadvantage in Hol- 
land’s Engine in the fucking Part, wecome to confider the forcing Part; and 
firft, that Part which carries Water to the Houfe without playing the Jet. 
This Pipe being of the fame Bore as the fucking Pipe, the Water does here 
alfo run nine times fafter than the Piftons move in the Barrels, which here 
makes it 10,8 Feet ina Second, whereas it ought to have gone-but four Feet 
in a Second; and therefore here alfo the Water is Wire-drawn to Difadvan- 
tage. But if this forcing Pipe had been of five Inches Diameter, the fame 
Quantity of Water, (viz. 95 Hogfheads per Hour) would have pafs’d thro’ 
with a Velocity of 3,4 Feet per Second, and tho’ Wire-drawn in refpect of 
the Water in the Pump-Barrels, would have caus’d no Hindrance to the Mo- 
tion. Nay, thofe Barrelsthat force would have gone eafier in their Motions ; 
and therefore, if eas’d in their fucking Part, might have carried % more of 
Water 5 that is, 107 Hogtheads inftead of 95 per Hour, which then would 
have gone but 3,825 Feet per Second in the forcing or Condué& Pipe. This, 
inftead of Friétion, would have given the Wheel a little more Work, which 
would have reduc’d it to Monf. Pareni’s Maximum to make it go with 4 of 
the Velocity of the Water. But this is upon Suppofition that the Water 
was well laid on, and the Float-Boards made in the beft manner, and the 
Piftons rightly léather’d; all which Requifites are wanting. ' 


As 


Sg 
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As for the Jet; there Wire-drawing of Water is neceflary ; and the Fri@tion Annotat. ' 
which the Pipes fuffer’d before, is all transfer’d to the Jet. All that is re~ Lect. XII. 
quir’d befides, is, that the Water has Velocity enough in the Pipes to fupply += 
what the Jet confumes, which the Pipesnow are more than fufficient to do. 

_ Tue way indeed to make a Jet without a Refervoir by this or any other 
Engine, is to confider what is done in a Jet made by a Fall from a Refervoir, 
and-do the fameas nearly as poffible by an Engine. Suppofe the Jet propos’d: 
isto rife 70 Feet high, and {pout thro’ an Adjutage of } of an Inch Bore. 
Firft, fee what Height of Refervoir is requir’d to producea Jet 70 Feet high, 
which you’ll find to be 86 Feet * four Inches: then fee what Pipe of Conduct * Page 133. 
will fupply that Jet, if the Adjutage be } of an Inch, and you will find the | 
Diameter of fuch a Pipe of Condué to be five Inches +: the Velocity of fuch+ Page 134. 
a Jet is 74,4 Feet per Second ||, therefore the Water that {pouts thro’ per Se-| page 423. 
condis 24,8 Yards, which weighs 13,9 Pounds, (becaufe as a Yard of Water 
of an Inch Diameter weighs one Pound }, and this 3 Jet muft be diminifh’d int Page 136. 
proportion of 16 to g, or the Square of 1 to the Square of 3 the Bore of the 
Adjutage) and gives 22,3 Tons per Hour. To fupply this in a five Inch 
Pipe, the Water need have no more Velocity than +%%5 Part of an Inch per 
Second ; but more Velocity in proportion as the Square of the Diameter of the 
Pipe is lefs: for Example, in this Pipe of three Inches Diameter, 1,52 Inch 
er Second will be a fufficient Velocity ; but as there -muft be no Intermiflion, 
Mr. Holland’s Forcers fucceeding one another fo exactly, and having their full 
Force at the Beginning of the Stroke, perform what could not be done with a 
triple Crank, whofe Strokes are weakeft at firt and at laft, unlefs all the 
Water was driven firft-into avery large Air-Veflel; which might be plac’d in. 
a Pond to havea Jet out of its Top, thro’.a Pipe coming from its Bottom 
like that of New/bam’s, having hid and cover’d it with Rock-Work. N. B. 
One made of caft Iron of about a Yard Diameter, and 12 Feet high, might be 


ufeful in fuch a Cafe. 


. Here follows a Comparifon of the Right Honourable: the Earl of .Pem- 
broke’s Engine at Wiltcn, put up by Mr. Holland many Years ago, and the 
Right Honourable the Lord Tinley’s Engine (here defcrib’d) put up at Wan- 
ftead many Years fince that at Wilton 5 notwithftanding which, better Jets are 
produc’d at Wilton by an under-fhot Wheel of 12 Feet Diameter, than by the 
under-fhot Wheel at Wanjtead of 30. 

Tre Diameter of the Wheel at Wilton is 12 Feet. 

Tue Fall of the Water about five Feet. 
Tue Ladle-Boards which dip 10 Inches in Water are 31 Inches long ; 
therefore their Surface is 2,15 Feet. \ 
Tue Weight of the Column of Water preffing on thofe Ladle-Boards is. 
equal to the Weight of 10,75 cubic Feet of Water *. . * Page 423, 
As the Wheel is but of 12 Foot Diameter, and the Axis 2 Foot, the Ra- 
dius that aéts, or Lever of the fecond kind, is but of 5 Foot in Length, but 
the Diftance of Power § Foot, by which multiplying 10,75 cubic Feet of 


Water, you will have 53,75 cubick Feet, or 3359/6. of Water, for the 
. Preffure 
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Annotat, Preffure of the Power, which carrying the Wheel 72 times round in a Mi- 

Leé&.XII. nute, drives out of the Pump-Barrels a Column of 135 Feet in Length equal 

Lenya to the mean Bore of the Barrels, and play as Jet of 2 of an Inch Adjutage, 70 
and fometimes 80 Foot high. mw : | 

THe Wheel at Wanfead has its Ladle-Boards 1,5 Feet in Surface, fo that 
a Column of Water of 7 Foot high weighs againft it 10,5 cubic Feet; then 
acting with a Lever whofe Power is diftant 14 Foot, muft make-a Prefture of 
73,5 cubic Feet of Water, or 4593 f5. Yet with all this Advantage of 
Power, this Wheel drives thro’ the Barrels but a Column of 72 Feet in a 
Minute. pithes 

As this Wheel is 23 times bigger in Diameter than’ the Wilton Wheel, its 
Circumference ought to have moved twice and an half fafter to have exceeded 
it in that proportion, as to its Eafe of Motion ;. for its Number of Turns mutt 

_ have been equal to have made the fame Number of Strokes, | 

No w at Wanftead the natural Velocity of the Water is 1260 Foot per Mi- 
nute, and the Velocity of the Circumference of the Wheel is 470 Foot per 
Minute ; which is as 1 to 2,68. : 

Bur the Wheel.at Wilton goes 288 Feet per Minute, the Velocity of the 
Water 894 Foot per Minute; fo that the Wheel goes with about > Of the: 
Velocity of the Water: and this brings the Wilton Wheel to Mr. Parents 
Maximum. 

Tue reafon that this could not be done at Wanftead, was the bad Appli- 
cation of a fufficient Power. For the Number ‘of the Ladle-Boards of the 
Wanftead Wheel fhould not have been above 18, and it was above 30; and 
the Wilton Wheel had 11 or 12 Ladle-Boards according! to its juft Number, 
See Page 426. N. B. There is alfo more Water-way in the Pipes at Wilton. 
There is therefore reafon to think that when Mr. Holland fet up the Engine 
at Wilton, he faw an Underfhot-Wheel going well fomewhere, and imitated’ 
it; but he follow’d his own Conjecture at Wanftead, without being acquainted 
with fufficient Principles ; thinking in general that a longer Leaver was fuffi- 
cient to produce a greater Effect, and that contracting his Pipe would give a 
higher Jet. igre Bs 

N OTWITHSTANDING the Faults that I have found with Mr. Holland’s En- 
gine, they had their Meric; for where he had Water enough, he always gave 
beautiful Jets and with little or no Intermiffion, which mut pleafe the Perfon 
for whom the Machine was erected, tho? fome Things were not performed 
according to the ftriét Rules of Art, which the Owner of the Engine is not 
{uppofed to underftand. Mr. Holland, being modeft to a Fault, was: often 
cheated of the Profits as well as the Honour of his Invention ; for he was 
certainly the firft who contriv’d to make a Jet without a Refervoir. But I 
will de his Memory juftice, in refpe€@ to what came to my knowledge. A 
certain Perfon, who wanted to be chofen Reprefentative for the Town of 
Shaft/bury, undertook to fupply that Town with Water, to gain his Election 
by the Merit and Expence of that Performance; and accordingly got Mr, 
Holland to put up one of his Engines, which performed very well; but was. 
him{slf fo carelefs of his Engineer, as to let him be arrefted for the ure oF | 

everal. 
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feveral Parts of the Machine: befides, he gave himfelf out.as the Author and Annotat, 
Contriver of the Engine, calling it his Water-Engine. He made his late Lect. XII. 
Majefty, and all the Gentlemen and Ladies that came with the King from “—“y—~ 
Hanover, believe this Performance to be his, and talk’d himfelf into the Place 
of being Surveyor of the Board of Works, A late Right Honourable. Perfon, 
living near Mr. Helland, told me this, and bad me make no fecret of it. 
Afterwards this Gentleman prevailed with his Majefty to let him erect one.of 
thefe Engines for him at his Gardens at Herenbaujen, which now performs 
very well, having for Power the Force of a whole River, But Mr, Holland 
had neither the Credit of this Machine, nor any of the Profit of it; tho” his 
Majefty paid three times as much as was agreed for. Mr. B took 
away Mr. Holland’s Smith and Foreman, which is one John Cleve, (if not 
dead, now ftill at Herenbaufen,) and by this Man the Engine was put up, tho’ 
he now and then, wanting his Mafter, found confiderable Difficulties. Nay, 
all the Perfons concerned in the executive Part of this Work were fo ignorant, 
as to make an Elbow at right Angles in the Pipe of Conduct near the Adju- 
tage, where the Jet was to fpout, fuch as is defcrib’d in the 3d Figure of 
Plate 12. (fee Page 137.) So that when his late Majefty and the whole Court 
came to fee the firft Trial of this famous and coftly Engine, the Water inftead 
of fpouting an hundred Foot high, fpouted only ten Foot; and they knew fo 
little where the Fault lay, that one Andrew who had the Management, and 
appeared as firft in this Undertaking, was ready to run away with all his 
Men, unlefs by petitioning the Board they could get leave to put up a Refer- 
voir to fupply their Jet. 

~ By chance as they made their complaint to one Fobn Helot, a French 
Watchmaker, and telling him they were all ruin’d; he told them that when 
he faw the End of their Pipe of Conduét turn’d up to an Angle of 90 Degrees 
near the Spout or Adjutage, he never expected the Water would rife to the 
Height they propos’d ; but that he believ’d it would anfwer Expectation, if 
they turn’d up their Pipe with a Curve, fuch as he then drew with his Cane 
in the Sand. (See Plate 12. Fig. 4.) 

~~ Andrew took the hint, and communicating the Thing to Cleve, they 
alter’d their Pipe accordingly, and in a few days the Jet play’d near 100 
Foot high ; pretending that they had been cleaning the Pipes that were choak’d 
up with many Shavings of Wood, carefully concealing their Blunder. But 
they fail’d in one thing, which was the making a Prefent to Fobn Helot, 
whom, if they did not intend to reward for his Advice, they might have 
brib’d to Secrecy ; and then hundreds would not have known their Ignorance, - 
which Helot has acquainted with it. 

I’ Suovxp not have been fo prolix in my Remarks upon this Engine, but 
that it has fupplied me with Examples to apply a great many of the Rules for 
feveral Cafes in Hydraulicks, to which I have referr’d, quoting the Pages where 
the Rules are to be found in the Margin. 


3. UL 
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Annotat. - ) 
eae 3. [I fhall add a few more Remarks concerning what. my Friend has faid 


Ly concerning these Water-Works in the Notes.) % : 

i Mr. Sorocold put up this Engine at London-Bridge, between 30 and 40 Years 
ago, which remains, and will for many laft, as an Inftance of the Excel- 
lency of its Ere€tor. As for the Contrivance for raifing and falling the Water- 
Wheel, that was the Invention of Mr. Hadley, who put up the firft of that 
kind at Worceffer, and for which a Patent was granted him, ; 

Pag. 439. Ir is true that a great deal of Water is loft by the too great 
frequency of Valves opening and fhutting, and therefore that there would be 
more Water rais’d by fewer Barrels whofe Strokes fhould be proportionably 
longer ; and likewife that. a triple Crank diftributes the Power better than a 
quadruple one, which may be only confider’d as a double Crank double 
loaded. : 

I Have obferved a Fault in this Engine about~20 Years ago, and which 
has not been remedied yet ; which is, that they make their forcing Piftons 
of very fliff Leather, one difhing upwards, and the other downwards, which 
they drive in with a Mallet; infomuch that I have often feen it require 50 
Pounds to move the Pifton up and down the Barrel when new leather’d - 
and after fome time, when this thick Leather is thoroughly foak’d, a great 
deal of Water has flipp’d by ; firft fo as to increafe the Fri@ion very much, 
and to lofe a great deal of Water. 

Forcers made with thin Leather tann’d, of about the Thicknefs of the 
upper Leather of a Countryman’s Shoe, (fuch as are calPd the fecond fort of 
Forcers in Page 161, and reprefented in the 14th Plate, Fi9. 23, 34, 26, 2b, 
37,and 38) are fufficient tohold a Column of Water 100 Feet high. Their . 
whole Excellency confifts in this, viz. that the guiding Brafs Cylinder be- 
tween the Leather fits fo well, as juft to flip up and down in the Barrel that 
muft be well bored ; and if you ufea Bucket, the fingle Leather which looks 
upwards muft rife between the fmaller Ring of Brafs above it, without coming 
up too high: as we have fuppos’d the two Leathers of the Forcer not to rile 
or fink below the Rings within them. I have known Mr. Clarke (the Turner 
of whom I fpoke concerning the Hydrometer) raife Water to its Maximum, 
with a very bad Engine, where a little weak Horle carried round a fingle 
Crank, and raifed an Hogfhead in a Minute 50 Foot, and held it an Hour 
during the Trial that I made of meafuring the Water, and could have held it 
8 Hours. | . 

N.B. Where Brafs Barrels are ufed, Forcers of thick Leather will foon cham- 
ber ; that is, become wider in the working Part, than at the Mouth or lower ; 
fo that a Pifton that would go in at the Mouth with difficulty, would £9 too eafy 
in the chamber’d Part. Piftons of Joft Leather will not fo foon chamber, dug 
yet they will in time: therefore the Piftons in their working muft rife with their. 
upper Leather half out above the Top of the Barrel, and the lower mujft go down 
parily into the hollow made at the Bottom of each Barrel for the rifing of ibe 
Valves, This is the Method that Mr. Newfham ufed conftantly. 

My 
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My Friend thinks that the Bores that carry off the Water from the Engines Annotat. 
are too fmall, there being (neatly) always two Pillars of feven Inches Dia- Leg. XII, 
meter forcing into one Pipe of the fame Diameter, and 7 x 7 == 49 + 49=98. nn 

But what I have faid in the laft Note will thew that this Objection is of ° 
no force, unlefs the Velocity of the Piftons was very great ; but here the Ve- 
locity of the Water going thro? the Boards above-mention’d, is much lefs 
than two Feet ina Second. Foras each Revolution of a Wheel makes in a 
Forcer under 2,5 Strokes, and the Stroke is 2,5 Feet: Multiply 2,5 x 2,5 = 
6,253 andthe Wheel at moft going only fix times ina Minute, the Velocity 
of the Forcer will be but 6 x 6,25 = 37,50: fo that double that Velocity will 
be but 75 Feet ina Minute, or one Foot anda quarter in a Second. . 

In this Machine the Cogs are made of Iron, to be the more durable ; but 
there is a farther Improvement by Mr. Clarke, which will do very well here, 
and in any Mill-work. As he has fent mea Draught and Account of it, I 
_ could not refufe to infert his Defcription here. 


ALETTER from Mr. Clarke to the Author. 


SiR3 
«s AN Y Attempts having been made for leffening or taking off the 
M Friction in all forts of Mill-work for grinding Corn, raifing Water, 
“* Gc, and nothing having been perform’d to anfwer that End well, I have 
*¢ contriv’d and invented a new Wallower or Trundle-head, which is fix’d, 
“ to Works at the Water-works in Villars-/treet, York- buildings, toan Enginé 
** whofe Barrels are feven Inches Bore, and is wrought by feven Horfes, This 
*¢ Wallower is fo contriv’d, that as foon as the Cogs touch or bear again{t 
“« the Surface of the Rounds or Staves, the Parts of the Surface prefs’d againtt 
“* immediately give way, and in no wife rub or grind again{t each other; 
“and as the Rounds or Staves are made of Iron, they are no way liable to De- 
_ © cay, and the Rounds all working in Brafs Sockets, that not only eafes the 
“ Fridtion, but preferves the Wallower from wanting the leatt repairing many 
** Years, neither does it wear out the Cogs of the great Wheel, as other 
** Wallowers do. Here the great Wheel has one hundred and forty-feven 
** Cogs on the Face thereof. As the Mill-wright found great fault with 
* this way of working when firft ere&ted, and faid the Cogs would wear out 
** in two Months time, by reafon of the Wood working ‘againft Iron ; I 
“ therefore, to prove the contrary, would not fuffer either Cogs or Rounds to 
‘* be.either greas’d, foap’d, or any other Method made ufe of to preferve’ 
‘“* them from wearing each other away, for twelve Months after it was fet to 
** work, and it has now work’d conftantly fixteen Hours a Day for near two 
“* Years, yet the Cogs are very little worfe than when they were firft fet 
* to work; a Draught of this Wallower I have here fent you, and am, 
“ Reverend Sir, 
Your obliged, bumble Servant, 
j. CLARE 


Vor, II. Yyy ~ Plate 
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Le MIE _ Plate 36. Fig, 2. 
wey = AA a fquare Iron Bar of an Inch Diameter, and fourteen Inches long, 
Plate 36. turn’d down to the Size of an Inch, abouttwo Inches at each End a e. 
Fig. 2 B one of the Bars before-mentign’d, having Iron caft thereon of the Dia- 
meter of 2 4 Inches, as from C, C, and in Length ten Inches from E E, 
Tue Plan of FGIH, a fquare Brafs Box with its Hole and Pipe at K, 
for the Gudgeons A ¢ or B of the Rounds to turn. 
fi gs 4 {mall Holes to receive Screws, which faften this Box to the 
Trundle-head. 
F KG, the Upright of the fame Brafs Box. 
Fig. 3. Suews the Plan of one of the Trundle-heads mark’d with the fame 
Letters. 


4. [I fall give a few Obfervatiens upon this Machine in the Notes.} When 
he that comes to take a View of the Engine at Marly, fees it cover a Mile of 
Ground in Length, and the Breadth greater than that of the whole River 
Seine ; he cannot but look upon it as a ftupendous Machine: and if he is 
fixil?d in. Mathematicks, Mechanicks, and Hydroftaticks, he will foon per- 
ceive that Rannequin, the Contriver, was a curious practical Mechanick, but 
no Mathematician nor Philofopher; otherwife he would have been able to 
have calculated the Power of the River, and to have known that there was.no 
occafion for making three Lifts. of the Water, which might have been con- 
vey’d from the River at once in Iron Pipes, His conveying Motion to a 
third, and to two thirds of the Height of the Mountain, was admirably well 
contriv’d, if there had beena neceffity for it: and there area great many ins 
genious Contrivances to take off any one Part of the Work to mend or clean 
it, whilft the reft goes on 3 and many pretty Inventions to prevent Accidents. 
‘The Mifmanagement of Power cannot be better fhewn, than by comparing 
the Effect of the Engine at Marly, with the Effects of the Water: works at 
London- Bridge. ‘There are fourteen Wheels at Marly of thirty-fix Inches Dia- 
meter each, work’d witha Fall of Water of three Feet, which raife but five 
thoufand two hundred and fifty-eight Tons in twenty-four Hours : whereas 
the London-Bridge Works with four Wheels only raife eleven thoufand feven 
hundred and twenty-four Tons in the fame ‘Time, which is almoft twice and a 
quarter as much. . 

I pon’T mean by this that the London-Bridge Water-work with its four 
- Wheels performs twice and a quarter more than the fourteen Wheels at Mar/y, 
fince the Bridge-Works raife their Water but an hundred and twenty Engli/b 
Feet highs whilft the Marly Engine raifes its Water five hundred French 
Veet, which are equal to five hundred and thirty-three Englif> Feet. But we 
will confider thefe different Heights, and find how much Water four Wheels 
of the Marly Engine, and the four Wheels of the London. Bridge Engine can 
raife to the faid Height of five hundred and thirty-three Feet, according to 
the prefent rate of the working of each Engine ; which will give us a fair 
Comparifon, 

: DiviDING 
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_Dividine 5258 (the Tons of Water rais’d by Marly Engine in 24 Annotat. 
Hours) by 14, will give 375; which multiplied again by 4, will give us =*,, Leét. XII. 
or 14000 T’ons, the Quantity of Water rais’d in a Day by four of the Marly —~-—~ 
Wheels. Befides this, we are to confider that there isa Fall of Water of three 
Feet acting upon the Marly Wheels: fo that we mutt take away +, or 466 
Tons from the Quantity of Water rais’d by the four Marly Wheels, whofe 
Effect we have been examining ; becaufe the Fall at London-Bridge is but two 
Feet at a Mean, and then we fhall have 1400 — 466 = 934, the Water 
rais'd by the four Wheels. 
To know what Quantity of Water the London-Bridge Work would raife 
to the fame Height as Marly Engine, we muft make this Analogy. 
As 533 Feet, the Height of Marly Refervoir : 
Is to 120 Feet, the Height of the London-Bridge Refervoir:: 
So are 11724 Tons rais'd 120 Feet by London-Bridge Engine: 
To the Number of Tons that it would raife in the fame Time 533 Feet, 
_ or the Height of Marly Engine ; viz. 2839 Ton. 
Now as 2839 is three times more than -934, fo much is the Effe& of the 
four Wheels at London-Bridge greater than that of four of the Wheels at 
Marly, 
Ir is faid that the Machine at Marly coft above eighty Millions of French 
Livres, which is above four Millions of Pounds Sterling. | 
Some of the largeft of our Fire-Engines at prefent in ufe in England, will 
raife as much Water to the fame Height, and not coft above ten thoufand 
Pounds. ef Laie 


5. [4 Comparifon between this Mill, and the Underfbot Mill that I have 
defcrit’d from Monf. Belidor, the Reader will find in the Notes.) Monf. Be- 
idor, by the particular Account which he gives of Under-fhot Mills, and their 
feveral Parts; and the Calculations concerning the Operations of the Parts 
fingly, and the Whole together, fhew’d that he had well examin’d thofe Mills : 
but he knew very little of Over-fhot Mills, which he {peaks very flightly of, 
faying that the Millers value them very little ; but it muft be fuch Millers as 
live in a flat Country, and are only ufed to Mills upon Rivers and large 
Brooks; for in hilly Countries, the Over-fhot Mills are of vait Service, and 
ufe fo little Water, as often to do good Work by the Water of Ponds fup- 
plied by Springs. Asin this Nuneaton Mill, with the Expence of only 1148 
Hogfheads, or 287 Tons per Hour, 30 Bufhels ori800 Pounds of Corn, are 
ground in 12 Hours. The Under-fhot Mill defcrib’d by Monf. Belidor does 
indeed grind about twice and an half more Corn, viz, 4500 Pounds in 12 
Hours; but it is with the Expence of 24 times more Water, For if the 
Ladle-Boards of this Under-fhot Mill be three Feet long, and go 12 Inches in 
Water, and the Adjutage or Paflage of the Water againft them: be in the fame 
Proportion with an Height of Water 7 + Feet above the Center of the Adju- 
tage, as in the Over-fhot Mill; the Expence of Water will be 6820 Ton per 
Hour in the Under-fhot Mill: whereas the Expence of Water in the Over- 
fhot, thro’ an Adjutage 10 4 Inches wide, and two Inches deep, is only 287 

Yyy2 Tons 


532. 
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Annotat. Tons per Hour. To prove which, only confult the Rules given in Page: 
Lect. XII. 422, 423, and 424. 
Tn Gieed 


About the’ 
¥ear 1710. 


I nave had occafion toexamine many Under-fhot and Over-fhot Mills,. 
and generally found that a well-made Over-fhot Mill ground as much Corn in 
the fame time as an Under-fhot Mill with ten times lefs Water: fuppofing the 
Fall of Water at the Over-fhot. to be 20 Feet, and at the Under-fhot to be~ 
about fix or feven Feet. I generally obferv’d, that the Wheel of the Over- 
fhot Mill was of 15 or 16 Feet Diameter, with an Head of Water of four or 
five Feet, todrive the Water into the Buckets with fome Momentum, 

Iv is a difficult thing, and requires fome Experiments to determine, whe- 
ther there fhould be any Impulfe given in an Over-fhot Mill; or rather a 
Wheel made of fuch a large Diameter as to receive the Water‘without any. 
Percuflion, by which means it may go with lefs Water 5 and thofe who are 
for this Method alledge, that befides the Obliquity of the Impulfe when a 
Fall is made ufe of, there is only the firft Beginning of the Jet that can do. 
any thing, the fpouting Water dafhing in the Water that is already in the 

‘Bucket, and making a Froth. For my part, I can determine nothing certain 
in this for want of fufficient Experiments; buat I think that there might be: 
fome Fall allow’d, that the Momentum might be ufeful at firft while the 


‘Water ftrikes againft the’ Wood of the Bucket, before the Bucket is fo ful 


that the Water dafhes againft Water. The determining this, to know what 
Part of the Height of the Fall mutt be taken for the Diameter of an Over-thot 
Wheel, would be a ufeful Maximum, Too great an Impulfe might make the 
Wheel go fo faft s that it might, asit were, withdraw itfelf from the Aion, 
of the ftatical Weight. ss 

Tue Velocity that Mon/: Parent determines in his Maximum for the Under- 
fhot Wheel may perhaps be the beft here; tho’ it has not been demonftrated to. 
be fo. But here it is fo, the Velocity of the Wheel is the third of that of the 
Water; and the Goodnefs of this Mill fhews it to be right. 

Tue Objection which Mr. Beighton thinks may be made as to the Train is 
of no Force here; for tho? in Clock-work the Number of the Pinion fhould 
equally divide the Wheel, left a Leaf of the Pinion fhould fall foul upon the 
Edge of a Tooth ; it isan Excellency in Mill-work not to have the Number 
of the Trundle to be an aliquot Part of the Number of the Spur-Wheel, be- 
caufe that way the Rounds are worn out too faft, when the fame Cogs too 
often take the fame Rounds: and very likely this was done on purpofe. 


6. [P. 474——11——almoft_ every Improvement bas been owing to them, as I 
feall foew in the Notes ; where I fpall give the Hiftory of thofe Improvements,] 


An Account of the Inventors or Improvers of the feveral Parts of the 
Fire-Engine,. 

Tho. Newcomen, Ironmonger, and Yobn Calley, Glazier, of Dartmouth 
in the County of Southampton, (Anabaptitts) made then -feveral Experiments: 
in private, and having brought it to work with a Pitton, €c. in the Jatter 
End of the Year 1711, made Propofals to draw the Water at Griff in War- 
wick/bire, bat their Fnvention meeting not with Reception, in March fol- 

| lowing, 


J 
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lowing, thro’ the Acquaintance of Mr. Potter of Bromfzrove in Worcefterfpire, Annotat. 
they bargain’d to draw Water for Mr. Back of Woclverbampton, where, after a Lect. XII. 
great many laborious Attempts, they did make the Engine work ; but not being “<“V——~ 
either Philofophers to underftand the Reafons, or Mathematicians enough, to : 
calculate the Powers, and to proportion the Parts, very luckily by Accident 

found what they fought for. They were at a lofs about the Pumps, but 

being fo near Birmingham, and having the Affiftance of fo many admirableBuckers © 
and. ingenious Workmen, they foon came to the Method of making the and Vatves, 
Pump- Valves, Clacks and Buckets; whereas they had but an imperfect No- ea 

tion of them before. One Thing is very remarkable ; as they at firft wereINsecTION. 
working, they were furpriz’d to fee the Engine go feveral Strokes, and very 

quick together, when after a Search they found a Hole in the Pifton, which 

let the cold Water in to condenfe the Steam in the Infide of the Cylinder, 

whereas before they had always done it on the Outfide. They ufed before toSooee4™, 
work with a Buoy. in the Cylinder inclos’d in a Pipe, which Buoy rofe when ’?'" 

the Steam was ftrong, and open’d the Injection, and made a Stroke * ; there- 
by they were capable of only giving fix, eight, or ten Strokes ina Minute, 
*ull a Boy, Humpbry Potter, who’ attended the Engine, added (what he 
call’d Scoggan)a Catch that the Beam Q always open’d : and then it would go 
15 or 16 Strokes ina Minute. But this being perplexed with Catches and 
Strings, Mr. Henry Beighton, in an Engine he had built at Newcajt/e on Tyne 
jn 1718, took them all away, the Beam itfelf fimply fupplying all much 
better. N.B. About the Year 17147, I communicated to Mr, Hi. Beighton the 
Ue of the Steel-Yard over the Puppet-Clack, or Safety-Valve, which be applied 

to fome Engines. The way of leathering the Pifton was found by Accident b#4y HER- 
about 1713: having then {crew’d a large broad Piece of Leather to the Pifton, ve 
which turn’d up the Sides of the Cylinder two or three Inches ; in working it : 

wore through, and cut that Piece from the other, which falling flat on the 

Pifton, wrought with its Edge to the Cylinder, and having been im a long 

time, was worn very narrow; which being taken out, they had the happy Dif- 

covery, whereby they found that a Bridle Rein, or even a foft thick Piece of 

Rope or Match going round would make the Pifton Air and Water-tight. 


1718. 


Mr. Beighton’s Account of an Experiment which he made on the Fire- 
Engine to know what Quantity of Steam a Cubical Inch of Water pro- 
duces, which I thought very well worth mentioning here. 

I rounp by feveral Experiments by a divided Steel-yard on the Puppet or 
Safety-Valve on the Top of the Boilers at Griff and Weofington, that when the 
Elafticity of Steam was juft one Pound Averdupoids ona fquare Inch, it was 
fufficient to work the Engine, and that about five Pints ina Minute would 
feed the Boiler as faft as it confum’d in boiling and Steam for the Cylinder 16 
Strokes ina Minute. Griff Cylinder held 113 Gallons of Steam every Stroke 
x by 16 Strokes ina Minute = 1808 Ale Gallons; fo five Pints of Water pro- 
duc’d 1808 Gallons of Steam, 38,2 Cubic Inches in one Pint. Then 38,2 
Inches : 1808 Gallons: : 1 Inch : 47 Gallons three Fenths: hence it appears one 

Cubic 
* The Manner of this working avith a Buoy would be tedious, and require a particular Figure to 
explain; but fince it is now out of Use, it is needlefs fr do it. 
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Annotat, Cubic Inch of Water by boiling ’till its Elafticity is capable of overcoming 
Leé&t. XII, about +; of the Atmofphere, will make 13 thoufand 338 Cubic Inches of 
tanya Steam. | 
By Experiment I have found that out of the Eduétion-Valve of a 32 Inch 
Cylinder there comes out one Gallon each Stroke; it is furprifing how that 
Steam, which is made of about three Cubic Inches of Water fhould heat one 
Gallon of cold Water, fo as to have it come out fcalding hot, which it does, 
and the Cylinder in all its upper Part is but warm when the Pifton is down, 


N. B. Ltake this Opportunity to beg of the Reader to rectifya Miftake, made 
in Page 473. becaufe the Sheet is printed off. It is this, in the 32d Line of that 
Page, read, Air will precipitate in Steam, as Quickfilver would in Water, 


7. [Page 484 I have done with the Fire-Engine except fome few 
Things which I {hall mention in the Notes.] I cannot better end my Obferva- 
tions on the Fire-[’ngine, than by giving the Reader Mr. Beighion’s Table of 
the Power of the Fire-Engine, which he publifh’d in the Year 17173 becaufle 
it agrees with all the Experiments made ever fince. 


595 
Annotat. 
Lect. XIE. 
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Annotat. 


Lect. XII. 


Sent id 


| Remarks on WATER-ENGINES. 


Tue Reader may obferve, that Mr. Reighton in his Calculations makes ufe 
of the Ale Gallon, and I make ufe of the Wine Gallon ; but that will make 
no Difference in the main, -becaufe the Hogfhead and Ton is the fame: and 
need only obferve, that the Ale Gallon contains 282 Cubic Inches, and the 
Wine Gallon 2313 the Ale Pint 38,2 Inches, and the Wine Pint 28,84 
Inches. 

Some People make ufe of caft Iron Cylinders for their Fire-Engines; but 


I would advife nobody to have them; becaufe tho’ there are Workmen that 


can bore them very {mooth, yet none of them can be caft lefs than an Inch thick, 
and therefore they can neither be heated nor cool’d fo foon as others, which 
will make a Stroke or two in a Minute difference, whereby an eighth or a 
tenth lefs Water will be rais’d. A Brafs Cylinder of the largeft Size has been 
caft under + of an Inch in Thicknefs; and at long run the Advantage of 
heating and cooling quick will recompenfe the Difference in the firft Expence ; 
efpecially when we confider the intrinfick Value of the Brafs. a! 


Page 504, at the End of Section 21. This fhould be inferted. 

Ir three or more Men working together are to raife Water but a fmall 
Height, as for Example, to empty a Pond, or throw the Water from one 
Pond to another ; they will fooner do it with Scoops, than with any Engine 
or Pump whatfoever ; becaufe they have no Friétion to overcome, 

If we would know from hydraulick Faéts, the Maximum for an Horfe, or 
the moft Water that an Horfe can raife to a certain Height ina certain Time, 
we muft examine thofe plain and fimple Inftruments ufed at the Coal-pits, 
call’d Barrel-Gins, where an Horfe going round ina fufficiently large Walk 
draws round an Axis in Peritrochio, whole Axis (or Barrel) being large, hasa. 
Rope coil’d upon it to bring up alternately two Veffels of Water from the 
Bottom of the Mine, to be emptied. when they come to the Top. By the 
Ufe of this Engine an Horfe of middling Force will eafily bring up Water at 
the rate of one Hogfhead 50 Feet in a Minute, which is jutt five times more 
than a Man can do, as we have faid before. There is no Pump, that we 
know, whereby the fame Horfe can raife up fo much Water to the fame 
Height in the fame Time. All the Care muft be to have the Veffels that are 
brought to be emptied quick. 


8. [Page 505. Mr. Newfham’s Engine ought not to do it, as I foall foew in 
the Notes.) ‘The Excellency of Mr. New/ham’s Engine is to have its Jet move: 
with great Velocity, that it may have fufficient Strength to break Windows, 
and pafs thro’ into the Fire at the farther End of an Houfe in Flames. This 
Velocity is produc’d bya FriGtion which is got by Wire-drawing the Water thro” 
the conick {pouting Pipe that delivers it; whilft the Valves and Leathern Pipes 
have fufficient Water-way to fupply the Jet in its greateft Velocity: but if 
you {crew off the Spout, and deliver your Water in a Ciftern, the Retardation 
from the Friction of the Valves and Pipes will be fuch, that the Quantity will 
not come up to ther Maximum of an Hogfhead rais’d in one Minute ten Feet 
high by one Man. 

3 THE 
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Tue. Reader may perhaps wonder that in this Account of fuch Variety of Annotat. 
Engines, I have given no Account of Wind-mills; but I would not do it, Le@. XIL 
becaufe the princtpal Thing is wanting in them ; that is, a Method to make V-ym—w 
them grind Corn uniformly, when the Wind fuddenly varies : for fometimes from 
{carce bruifing the Corn, the Motion is fo increas’d, and the Stones go fo faft, 
that the Flower is quite hot and fpoil?d. Diminifhing the Surface of the Sails 
is practifed, but that can’t always be done quick enough for the fudden In- 
creafeofthe Wind. There might be fomeContrivance to give the Mill more 
Work to do, which it fhould take of itfelf, as the Wind rofe fuddenly, and 
leave as the Wind grew flack. [ don’t hear that any body yet has made ufeé 
of any fuch Contrivance. Iam confident it may be done, and I have defign’d 
it above thefe twenty Years; but have been hinder’d by other Affairs. But 
I hope to doit fome time orother, if I live. In the mean time, if People are 
content to make no Advantage of the fudden Increafe of the Wind’s Velocity ; 
and‘only defire to be kept from Mifchief, they may make ule of a large 
Fly to beat the Air, led by afmall Pinion, fuch as is defcrib’d in Mr. Vauloué’s 
Pile-driving Engine, Page 417,and 418. But not to be wholly filent on this 
Subjea, I give the following Obfervations from Mon/f: Belidor, Vol. H. 

Book 3. Page 33, 38, 40, 41. . 

3. WIND. was, néver ufed for Mills tillthe Year 1280, or near 1300. 

8. Tue beft Angle with the Axis for the Sails of a Wind-mill is 55 Degrees: 

Tue Force then is equal to £,; of the Force of the Wind. _ : 

. 40. They make that Angle of 72 Degrees near Paris, and thereby lofe +; 
or have their Effect only as pre z : 

41. To have the greateft Effect, or moft Work done, the Velacity of the 
Sails at their Center of Gravity muft be equalto 34 of the Velocity of the 


The End of th NOTES. 
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A SUPPLEMENT to fome Things wanting in the 
Firft Volume. 


4 


. a YOR! 
At Page 100. Vol.1. between the Numbers 39, and a0, infert this. 


I. HEN the Ratio of the Power to the Weight (when a Power 
\ \ raifes a Weight by a Tackle) is confider’d, it is exprefs’d: in 
thefe Words, As one is to the Number of the Ropes, or of the 

Parts of the Rope applied to the lower Pulleys; fo is the Power to the 

Weight. Now, a moveable Pulley, tho’ it fhould move downwards, is 

the fame as a lower Pulley ; as is exemplified in the two Tackles repre- 

fented in Frg.g. and Fig. 10. of Plate 38. 'Thefe are only ufed in Mer- 
chant-men, and feem to be of Spami/h Invention, call’d Spanifb Burtons ; 
in the firft of which the Power is to the Weight as 5to 2, and in the 
other as 4 to1. In the firft, 4 Parts of Rope are apply’d to the Pulley 

H, that rifes with the Weight: and two Parts of the Rope feem to be 

apply’d to the Pulley G that comes down with the Weight, which would 

be fix ; but one of them being actually the running Rope or Fall, it felf 
muit be taken out of the Account. So in Tackle of fig. 10. the Power 
is to the Weight as one to four, three Ropes being applied to the lower 

Pulley f, and one more Part of Rope to the left-fide of the defcending 

Palley g. That the Proportion of the Power and Weight are exactly 

thus,-snay be found by applying the.rectprocal Proportion of the Velo- 

cities of unequal Quantities of Matter that balance one another, 

Moun? the Tackles, and draw down the running Rope five Foot, and 
you’ll find that the Weight rifes juft one Foot. Soin the other the Power 
coming down four Foot, makes the Weight rife one. Orie 


2. 
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2, Page igo, Since the Publication of my firft Volume, and before, 
the Profeflor of Leyden, Petrus van Mufchenbroek, tried fo many Expe- 
riments concerning Friction, that I would recommend to my Reader 
what he has written upon that Subject in his, often quoted, E/fzys de Phy- 
fique, Vol. 1. from Page 176, to Page 188. 


3. At Page 203. Vol. 1. comes in what follows from Mr. Beighton, 


To Dr. DESAGULIERS. 
‘ : Me 
“° Dear Friend, 


it rie ate Perufal of your Treatife gave me great fatisfaction, not ex- 

pecting to meet with fo many Things new, after Numbers have 
wrote on thofé Subjects of late ; the Obfervations I have here made, on 
that Part you collected, I drew-out for the Royal Society: A Liberty I 
affumed, as well knowing you to be fo great a Lover of Truth, that 
you are wont to be pleafed with any Corrections on what you have 
publifh’d. If any thing is worth notice, you may pleafe to fpecify it 
«© in your Second Volume: For thefe purpofes I have firft fubmitted ’em 
“ to your Perufal. I am, 


<< Reverend SIR, 


“* Your very humble Servant, 


Griff, 28 Feb. 1737-8. 
| HENRY BEIGHTON. 
Upon reading Dr. Defaguliers’s Courfe of Philofophy, Quarto, 1734. 
in his 4th Lecture of the Fri@tion of mechanical Engines, I have confi- 
dered what he relates from Monf. de Camus, on the Wheels of Carriages 
in Page 203. : 
© Tuat the Axle-Trees muft be ftreight in all refpeéts ; for that when 
«© the Wheels ftand narrower at the Ground, and before, than at the 
“« Top and Hind-part (which is the common and daily Practice of all 
** Mankind) they muft move more hard.” 

N ow altho’ the Reafoning may be mathematically true, yet there may 
be fome Circumftances, thofe Gentlemen have not fo duly confidered, as 
thofe whofe bufinefs it has been either to make or ufe fuch Machines; 
for there may be fome confiderable Inconveniences in practice, in keeping 
ftrictly to thofe Rules. And the Strength, Conveniency, Ufefulnefs, and 
Eafe, ought to be well weigh’d and confider’d, 

LZZZz 2 1. Ir 
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1, Ir Wheels were to move forward in ftreight Lines, I muft own 
the Objections to their Rules might be in fome meafure leffen’d; but as 
Roads are feldom ftreight Lines, (in which Wheels in motion on a horis” 
zontal Plane would always go, if no Obftacle put them out of it) when» 
your Carriage is to turn to the right-hand, the left-hand would prefs tox’ 
wards the End of the Axle-Tree, and bear hard on the Pin there, and 4 
the right Wheel will be thruft up towards the Shoulder: for then the 
Axle being put in.a diagonal Pofition, between the parallel ftreight Lines 
of Wheels before-defcribed ; thofe Wheels muft be forced to a greater 


~ Diftance from each other, as the Diagonal. is longer than the Perpendi- 


cular. And as in fuch turning to the right, the right-hand Wheel ‘may 
be confidered as a Center (if the Turn be fhort,) the left Wheel. is dee, 
{cribing a Circumference, and in fuch direétion is endeavouring to fly off 
or move in the Tangent. But if the Wheels be (as the common practice 
is) a little narrower before than behind, it will have its natural Direétion, 
and Inclination to defcribe Part of fuch Circumference. ‘3 

2. Bur, a more material ObjeCtion to the Rule, is, That as the Boxes, 
in the inward Part of the Naves of large Carriages (and Coaches in pto- 
portion) are 5% Inch Diameter, and the fore Box but 32, and the Arms 
on which they move the Fruftum of a Cone, the Wheels even on level 
Ground would always be endeavouring to diverge, and’ at every turn be 
forcibly running into the Tahgent. | 

3. Ir the Axle-Trees were in fuch ftreight Dire@tion as Fig. 1. the - 
Wheels prefs’d by the under Part of the Axle would be continually flying 
off, and prefling hard againft the Pins at 4, with as great FriGtion as pref- 
fing on inclin’d Planes, for the fame reafon as the double Cone feems to 
tun up hill, ~ ; 
ales ts muft beconfidered, that all the Rutts or Tracks of Wagons of 
Carflages, are cut ‘or funk by them nearly perpendicular; 4nd if the 
Axle-Trees were ftreight, the Wheels muft move at right Angles ‘to the 
AXIS. ; | | 

Aur Wheels are flrongeft when made concave or difhing, viz. when 
ithe Parts of the Spokes at c near the Nave in one Wheel, are nearer to 
thofe in the other, than the Felloes: “‘Thofe Spokes mut ‘be ‘cofitinually | 
vubbing as they go deeper into the Ground, and cutting the Rutts ‘ih an 
Oblique Form, as at Fg. 3. But in the Pofition of Fig.4) they would 
enter and come out, without the 4 following Incoaveniencés which attend 


the former; vz. 


I. THAT it wears the Spokes, and the Stones in the Edges of the Rutts 


are forced in between them, into a narrower Spece, and often break ther: 
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\ YL Tur foft or Riff Dirt or Clay is thruft in, and pref’d as Wedges 
into a narrower Part, fo hangs on them fo as to form them like a Mill 
ftone, to the great Detriment of the Horfes drawing fuch additional Weights 
befides Friction. | | 

II]. Wuen the Wheels are forced in and fly outward to the: greateft 
Extent on the Axis, it would require a double Force’ to draw the Machine 
forward. 

IV. ANp in the laft State, when it is impoffible the Wheels fhould be 
feparated any wider, the Carriage can neither turn to ‘the right or left. 

5. ConsIDERING the Obitacles Wheels are continually meeting with, 
they muft have fome play, and the Axle-Tree mutt flide in and out of 
the Wheels, fee Fig. 12. elfe they are in conftant danger of breaking. 
And as this eafy fliding cannot be had, but by the under and fore-part of 
the Fruftums being both in continued ftreight Lines ; for a Wedge or 
double Cone cannot flip end-ways without great Force, when two Plains 
will eafily ; ‘therefore the Axle-‘Trees ought not 'to be ftreight, as Mr. de 
Camus has afferted. © | 
"Tre greateft Charatteriftic of a Carriage’s going well and eafy,; is the 


Axle-Tree’s flipping Continually to and fro in the Naves: For a Man's. 


Ears only will tell him when a Waggon or Coach goes well and eafy, by 
hearing it thump againft the Shoulders and Pins alternately. When it 
does {6, the Draught is above one fifth lefs. ~ 2 ) 
e ‘Tut Axle-Trees and Wheels are imprefi'd by two Forces, one the 
Weight of its Load near petpendicular, the other the Tra¢tion ‘or Drawing 
nearly horizontal ; therefore the greateft Force imprefs’d, is in the Diago- 
rial between the two, bat neareft to that whofe Force is ereateft. And 
in that very Part or Surface of the Axle-Trees Arms, the two Fruftumis 
of Cones ought to be ‘in a continued ftreight Line. Oth chi 
NB. If M. a? Canins could mean the Axle-Trees and Wheels of 


Coaches, when the Axes are Iton Cylinders, yet even then moft of ‘the: 
Reafons I have utged above lie very ftrong againft his Rule, and alfo. 


prove it falfé in that refpect. 


4. And afterwards from the fame at Page 211. 


Of the Drawing of Horfes, and Line of Traétion. 
Prop. XXX. Pag. 211. IN {peaking of Drawing—— a mee 
«Tar the Line of Traction fhould be on a level with the Breaft-ef 
«the Horfe, becaufe the Horfts that draw tipwards tire-fooner, and grow 
«¢ ftiff in the Hams,” , | yo 
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Wood or Stone, is firft to lift, and then puth forward, _ 


A oP PLEYN' DIX. 

I conceive this to be a Miftake; for both Experience and Reafon 
too will teach, and demonftrate the contrary, For, : r 

1. Horses have little or no power to draw, but what they have from 
their Weight or Gravity; otherwife they could take no hold of the Ground, 
and. then they mutt flip, and draw nothing. peotyy 

2, Common Experience teaches us, that if a Horfe is to convey a cer- 
tain Weight, he ought (that he may draw the better) to have a propor~ 
tional Weight on his Back or Shoulders, A Horfe put into a two-wheel’d 
Cart, in which there is a Ton Weight ; when it is in an Aigquilibrium, 
will not be able to draw it, but when there’s. 50 or 60 ib. bearing on his 


‘Back, he will draw it with Eafe. . If it be 2 or 3 Ton, if he bears 100 


or 200 Ib. on his Back, he will be able to draw . the Load, becaufe the 

Wheels of a Cart are yery high. The Horfes Back fhould be loaded 

proportionably, : ! fy 
3. I'uar Author does not feem to know, That when a Horfe draws 

hard he bends forward, and brings his Breaft nearer the Ground ; and then 

if the Wheels are high, he is pulling the Carriage againft the Ground, 

> 4. A Horse tackled in a, Waggon »will draw 2 or 3 Ton, becaufe 


_ the Point or Line of Traétion is below his Breaft, by reafon of the Wheels 


being low. | 
5. Ir is very common to fee when one Horfe is drawing a heavy 


Load, his Fore-Feet will rife from, the Ground, and he will nearly ftand 
on end; ‘tis then ufual to add a Weight on his Back to keep his fore Part 
down, by a Perfon mounting on him, which will enable him to draw that 
Load, without which he before could not move. : 


6. Tux Cafe is nearly the fame, in applying the Strength of a Man in 


wheeling a Load in a Wheel-barrow ; when mott of the Load lies on the 


Wheel, he will flip, and not be able to get it forward ; but then bring- 
ing the Weight nearer his Arms, he will be able to drive it forward. — In 
drawing a heavy Garden-Roll, if the Axis of Motion was even with that 
Part of his Body where his Arms are extended, he could not be able to 
draw it along ; but when the Point of Traction is low, he may. if 

In a loaded Cart, which hangs nearly Zn equilibrio, if two Men 
would take it by the Shafts or Draughts, they would not be able to move 
it; but one of them in the Draughts, and the other behind the Cart, pufhing 
the Breech upward as well as forward, he: lays a Load on the firft Man’s 
Back, and fo preffing both the Feet againft the Ground, they will eafily 


.do it. 


THE common Method with a Lever, either to flide or roll a Piece of 


Ln 


z A PPEN D'IXS 
In a long Team, where only the hind Horfe bears on his Back ; if you 


take off half the Number, and fix them to a lower Point of Traction, they 
will be enabled to move a much {uperior Force. 


5. Then Page 212. from the fame. 


The Pofition of Drawing demon/trated. | 
THE greateft Strefs or main Bufinefs of Drawing is to overcome Ob- 
ftacles, for on level Plains the Drawing is but little, and there the Horfe’s 
Back need be prefs’d but with a {mall Weight. 
- Most or all of thefe Obftacles may be confider’d as inclin’d Planes. 
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To draw the Wheel AB, over the Obftacle D, De Camus, by what Plate 38. 


he fays, would have the Horfe draw in the Line HC. 

I Say, as the Obftacle D, and the Tangent of the Earth or Line of the 
Floor is B, the Line to be moved in is BD, and an inclin’d Plane ; then 
the eafieft Pofition of Drawing to get the Wheel over D is to draw in the 
Pofition of that inclined Plane: BT, or more properly parallel thereto in 
the Line Cé. | | 


_ Aut the Radii of a Wheel being equal, the pulling at the Center, is 
the fame asa Balance: zz equilibrio, viz. there’s the fame Force at Avas’ 
at B. But in the Cafe of Drawing in the horizontal Line- HC, where’ 


there’s an Obftacle at D, all the Force the Horfe has to draw is by the’ 
fhort End of Brachium == e D, againft the Force or Weight of the long 


End of the Brachium /D:== C, which muft be very difadvantageous :* 
therefore the Line of ‘Traction fhould be 4C, and quite contradictory to’ 
what that Gentleman has fo often in his Book afferted; in which cafe 


the-Force is applied to. a Leaver Da much longer than De. | 


P.212.———Says Horfes can carry but 200 fb. 


~In Warwick/bire, from the Coal-Works at Grif near Coventry, and 
other Places, it has been ufual for an ordinary Horfe to carry 650 i. and 


fome have carried 700 ib. 2g. for 7 or 8 Miles without the Horfe ever 


refting. 
Mr. Foley’s Horfe at Stourbridge carried 11 hundred Weight of Iron 
for 8 Miles. : 


6. Page 421. after the 10th ‘Annotation to Lecture stb. 


Tue Problem concerning the Determination of the Center of Ofcilla- 
tion has always been look’d upon as one of the fineft of modern Analyfes. 


Meffieurs Des Cartes, Robertva/, and many others, have confider’d it, and 


~~ determin’d: 


Fig. 15. 
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determin’d it ; but that only in fome Cafes. Mr. Huygens was but very 
young when this Problem was propos'd to him by Father Merfynus 5) 
as he has mention’d in his excelhent Treatife, intitled, ap Herologio. Of~ 
cillatorio ; and he is the firft who has given a general Rule for finding 
that Center. Since that Time almoft all the Mathematicians have given 
other Inveftigations, and other Demontftrations of Huygens’s Rule. 

Tuat which } fhall give here is eafy, and to be underftood by thofe 
who are not fkill’d in the DoCtrine of Fluxions and Fluents, ene 

THe Center of Ofe:Hation of a Body, 16 that Point wherein the whole 
Force of a Body that fwings 1s colleéted in the fame manner, that the 
whole Weight of that Body, when itis at reft, is collected in its Center 
of Gravity, In order to determine this Point, and give yet a clearer 
Idea of it, let us fuppofe feveral equak Corpufcles, A, B, D, €c. join’d! 
together fo that they may move only all together, fuch as are the Atoms 
ar Particles of which a folid Body is compos'd, which {wings round an. 
Axis of Ofcillation, which is horizontal and perpendicular to this Paper,’ 
when the Paper isin a-vertical Situation; and let the Force which caus: 


_ this Body to {wing, be either the natural Force of Gravity, or any other! 


Force imprefs'd.. “ Now-it is requir’d to: find a Point, either within, or 
“¢ without this Body, (or this Afiemblage. of-Particles) in which if all’ 
‘© the Matter was concenter’d, the Vibrations of that Point would be* 
** perform’d exactly in the fame time, as thofe:of the Body {winging are’ 
« actually perform’d.”——Or- to. exprefs myfelf yet another way Tt 
“¢ is requir'd to find the Diftance of the Axisof Ofcillation ; at which 
‘* Diftance one Corpufcle being plac’d, would perform its. Vibrations by 
“ the Velocity that would be given it by Gravity, or any other Force 
‘* impre(fs’d, in the fame time that thofe of the Body that fwing perform 
“¢ theirs,” 

~ WE mutt obferve at firft, that tho’ the Points. or Corpufeles A, B, D, 
&c.. are. here in the fame Plane, they may be conceiv’d in, Planes diffe- 
rent from one another: it is. fufficient to conceive. that the Lines C A,. 
CB, CD, &c. reprefent their Diftances from the Axis of Ofcillation; - 
tho’ thofe Diftances are meafur’d from different Points of the Axis, whofe 
Section only is reprefented by C. 

Let G be the common Center of Gravity of the Body, or of the: 
Affemblage of the Corpufcles or Phyfical Points A, B, D, &c. It is 
certain in the firft Place, that the Center of Otcillation muft be in CG 
produc’d. one way or the other, if there is occafion; without which, 
when the Body is come to reft by the Refiftance of the Fluid in which 
it ofcillates, and the Fri€tion that there may be about the ae of Suf- 
penfion, it would not ftop at the loweft Point of the Arc that it defcribes : 

It 
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it is alfo evident, that that Center of Ofcillation muft be on the fame 
Side of the Center of Sufpenfion as the Center of Gravity, fince without 
that it cannot remain at reft, and freely fufpended; which happens when 
the Line C G paffes thro’ that Center of Ofcillation, and thro’ the Center 
of the Earth, (or rather thro’ the Center to which all heavy Bodies tend.) 
Let us fuppofe this Center of Ofcillation requir’d to be at ©, yet without 
determining whether the Point O be within or without the Body ; it is 
evident, that fince the Corpufcles are join’d together, whether by their 
{winging they defcribe great or {mall Arcs, their Velocities will always be 
profortionable to their Diftances from the Axis of the Vibration ; and con- 
fequently thofe Diftances will exprefs their Velocities in all poffible Cafes. 
Thus the Momentum or Quantity of Motion of the Corpuicle A will be 
as CC Ax A; and for the fame Reafon, that of B, will bbe CB xB; 
and that of D, will be CD x D, and fo of the reft, if you fuppofe a 
greater number of Points or of Corputcles. 

Now asall the Momenta act at different Diftances, to know the Sum 
of their Forces, you muft reduce them, or as it were transfer them one 
after another into a Point, which fhall be the Point ©, which you feek, 
(by its Definition.) Thus fince the Momentum of the Corpufcle A acts 
upon the End of an Arm of a Leaver, fuch as C A, that Momentum 
carried to ©, that is, the Momentum which would be felt at O, by 
means of that of A acting at A, muft be the fame as a Momentum that 
would be capable of making A®quilibrium with the Momentum of A. 
And it is plain by the Principles of Mechanicks, that that Momentum 
muft be to that of A, ina reciprocal Ratio of their Leavers, or their 
Diftances from the Axis; and confequently it will be found equal to the 


fourth Term of this Analogy C O:CA::CAxA: be ae A For 


the fame Reafon the Momenta of the, Corpufcles B and D, Gc. being 
carried to © will be = a Sand eae », &c, And thus their Sum, 
or the Momenta of all their Particles A, B, D, &c. which is felt at, or 
. Y A)2 5 C Bx + Dlzy 
is fuppos’d to be carried to ©, will be, bled alae dey Garey, &Se, 
Now letus feek what is the Quantity of Matter, or the Weight which 
being placed at © (and confequently when all the Body is in motion, a 
Velocity proportionable to C O) fhall have as much Momentum, or 
Quantity of Motion, as that which is felt at O by the Ation of the 
Momenta of the Particles A, B, D, &c. and whofe Expreffion we have 
juft found. It is certain, that if G be the common Center of Gravity 
‘of the Corpufcles, their whole Quantity of Matter, or their Weight 
Moe. il. Aaaa | being 
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being fuppos’d concenter’d at G, and having a Velocity as C G, would 
have the fame Momentum, or a Momentum equal to the Sum of the 
Momenta of all the Corpufcles: and it is not lefs certain that a Quantity 
of Matter or Weight plac’d at O, (which would have, with a Velocity as 
O, the fame Momentum as the whole Matter at G with the Velocity 
C G) mutt be to the Matter concenter’d at G, or to the Weight of the 
whole Body, or of the Affemblage of the Corpufcles A, B, D, @c. in 
a reciprocal Ratio of their Diftances from the Axis of Ofcillation: you 
will then have for the Expreffion of that Weight, the fourth ‘Ferm of 
this Analogy CO:C G::A+B+4.D; &e.: eh i al cs 
Or that Weight multiplied by the Velocity that it has-at O, (which: is as 
C O) gives for the Expretiion of a Momentum CG x A, B + D, &e. 
which mutt be precifely equal to that which we have deduc’d from the 
firft Reafoning, ‘Thus fince we have two Expreffions for the Sum of the 
Momenta which are felt at O, we fhall have this A%quation 
CA*x A +CB*x Bx CD\*x D, &c. 


CG+tA+LB-+D, &. = ant whence 
; : CAN C BD+TD\*x D . wa) 
is drawn this Expreflion CO = Se One might 


alfo have found the Diftance CO another way ; for as foon as you have 
found the Weight where a Quantity of Matter, which being plac’d at O,. 
has the fame Momentum, witha Velocity as C O, as all the Corpufcles, — 
A, B, D, &c. where they are placed with their refpective Velocities ; 
se is gi ee you need only divide by that Weight or 
Quantity of Matter the Expreffion of the total Momentum felt at O, al- 
ready found, and the Quotient will give the Velocity of the Point O, 
or rather the Diftance of the Axis, viz. C @, fince the Velocities have 
always been exprefs'd by the Diftances of the Axis, which gives exactly 
the fame Expreflion..—— Now if inftead of any Force, we fuppofe Gra- 
vity to give Motion to this Body, or Aflemblage of Corputfcles, it will 
vibrate as if it was wholly concenter’d or reduc’d to O, as we have juft 
demonftrated,it. That is, that one only Corpufcle placed at a diftance 
of the Axis of Vibration, that fhall be =-CO; will perform its Vibra- 
tions in the fame time as the Body performs its Vibrations: and confe- 
quently the Point © found by the Expreffion before faid, 1s the true 
Center of Ofcillation. And therefore, generally the Diftance of the Center 
of Ofcillation from the Axis of Vibration is equal to the Product of the 
Sum of the Sguares of the Diftances of all the Phyfical Points of the 
Body multiplied by a very fmall Portion of that Body, fuch as is pot | 
Ceiv 


namely, 
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| ceiv'd to bein one of his Phyfical Points, divided by the Product of the 
Weights, or of the Quantity of Matter of the Body multiplted by the 
- Diftance of the Center of Gravity from the Axis of Vibration, 
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We have fuppos’d in this Demonftration, that all the Weights or alli : 


the Corpufcles are on the fame fide of the Center of Gravity; but the 
Demontftration, or its Formule, is not the lef general: for if we fup- 
pofe Weights to beon both fides.of the Center of Sufpenfion, the more 
the Quantity of the Weights, or of the Matter on each fide of, the 
Center of Sufpenfion comes near toan Equality, the lefs will be the, Di- 
ftance C G of their common Center of Gravity: fo that if there be as 
many Weights on‘one fide as on the other, the Diftance CO will be== 
o. And confequently the Denominator of the Expreflion being then 
equal to 0, the Quantity C O, or the Diftance of the Center of Of 
cillation will be infinitely great; which agrees with Experience, becaufe 
then the Body will not vibrate at all, but remainin any Pofition in which 
it is plac’d about its Center of Sufpenfion. | 
_ THERE are two Things to be obferv’d, which the Courfe of this 
Demonftration furnifhes us with ; the firftis, that the Sum of the Mo- 
menta of all the Particles of a Body, where the total Momentum 
that -acts, or is felt at the Center of Ofcillation, is equal. to 
CGxA+B-+D, &c.. Thats, tothe whole Weight of the Body 
multiplied by the Velocity of the Center of Gravity : fo that all the Mo- 
menta act, or are felt at the Center of Ofcillation, which confequently 
will be alfo the Center of Percuffion; that is, the Point which would give 
the greateft Stroke poffible ; but this is only in the Cafe where it is the 
Center of Ofcillation that ftrikes an Obftacle, i 

Tue other thing to be obferv’d, is, that the Forces that equal Bodies, 
(fuch as the Corpufcles A, B, D, &c. have been fuppos’d to have, be- 
caufe they are {uppos’d to be felt at the ‘Point ©, where they are all col- 
leéted) are to one another as the Squares of the Diftances from the Axis 
about which they are mov’d or vibrate. ‘Thefe two laft Remarks are of 
great Ufe in the Calculation of Machines, or of the Force of Bodies which 
move round a Center. | 

To give the Application of the Rule which we have juft demontftrated, 
(the fame which Huygens has given) we ‘muft enter into Subtilties of the 
Doétrine of Fluxions and Fluents, which would not be proper here, and 
would be ufelefs to thofe who are not acquainted with that Doctrine, It 
will be fufficient for thofe who do underftand it, to take notice, ‘‘ That 
‘< jn order to determine the Diftance of the Center of Ofcillation from 
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«¢ the Axis of Vibration, a more convenient, and even a fhorter’ manner 
« than Mr. Huygens, they muft begin by making themfelves Mafters of 
« the Truth of the two following Lemmas, v/z, that in a rectangular 
‘© Triangle, whofe Bafis is horizontal and Perpendicular vertical, (calling 
“ the Bafe == 4, and the Perpendicular == a) the Sum of the Squares 
«© of all the Lines that it is poffible to draw, or to conceive drawn from 
‘ the Vertex of the Triangle upon the Bate, will be precifely equal to 
«* this Expreffion aa +4605. 

‘Tre other Lemma abfolutely neceflary for finding the Diftance of 
«* the Center of Ofcillation of Spheres, Spheroids, Conoids, Cylinders, 
« Cones, &c. (fome or moft of whofe Sections are Circles) is reduc’d 
« to this——The Sum of the Squares of the Diftances of all the Points of 
“© 9 Circle from an Axis of Ofcillation conceiv’d in a Plane parallel to the 
«¢ Plane of the Circle (calling the fhorteft Diftance from the Center of 
“¢ the Circleto the Axis == a; the Radius of the Circlem=+; and the 
«¢ Surface of the Circle C) will beaa4+ irrxC,” 

By means of thefe two Lemmas, and the Doétrine of Fluxions and 
Fluents, you will find the Diftance of the Center of Ofcillation in the 
Sphere, the Cylinder, @c. exactly the fame as Aluygens has given it in 
his Treatife de Horologio Ofeillatorto, to which I mutt refer the Reader, 
who has a mind to examine the matter more fully. I fhall only add 
here, that according to thofe Rules the Center of Ofcillation of a Sphere 
fufpended by a Point of its Surface will be + of ‘the Radius below the - 
Center of that Sphere, or at =4, of the Diameter from the Center of Sut 
penfion. 

Ir the Ball or Sphere be tied toa Thread, the Diftance of the true 
Center of Ofcillation will be found in all poffible Cafes, by the following 
Analogy. | 

As iid Diftance between the Point of Sufpenfion and the. Center of 

the Ball: 
Ts tothe Radius, or Semi-Diameter’ of the Ball : : 

So will this fame Radius be: 

To a third Proportional: 

Which will be the fourth Term of the Analogy. 

Tue + of this fourth Term; that is, the fourth Term multiplied by 
2, and divided by 5, will give the Diftance of the Center of Ofcillation 
below the Center of the Ball, which being added to the Diftance of that 
Center from the Point of Sufpenfion, will give the true Length of that 
Pendulum. It follows from this, that if the Body of the Pendulum be 
very fmall in refpect to the Length of the Thread, or the Thread be fup- 
pos’d voty long in refpecito the Diameter of the Ball of the Pendulum, 

a ( the 
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the Center of Ofcillation (in that cafe only) will coincide with the 
Center of Gravity, or Magnitude of the Sphere or Ball. . 

By the fame Rules we find that if a Cylinder be made to ofcillate about 
cone of the Diameters of its upper Bafe, (calling the Height or Length 
of the Axis of the Cylinder == @, and the Radius of the Circle of its 
Bafe == r) the Diftance between the Center of the fuperior Circle and 
the Point of the Axis, which is the Center of Olcillation of the Cy- 


linder will be +.@-+ <3 whence it follows, that if the Cylinder is re- 
atte 


duc’d to a right Line conceiving its Diameter of Radius a= 05. = 


becoming ther — — —o. Thus the Diftance of the Center of Ofcilla- 


tion of a right Line that ofcillates round one of its Ends, will be at = of 
the Length of that Line. ; 

N. B. As moft People who apply themfelves to thefe kind of Calcu- 
lations begin with reading Mr, Carre’s Book, call’d Methode pour la Me- 
fure des Surfaces, Ge. Y would have them take notice, that the Book is 
very good upon all the other Subjects that it. treats of, except that of the 
Center of Otcillation, which the Author has determin’d with Exactnefs, 
but only in the four firft Problems of the fourth Section: and thus they 
muft not be furpriz’d if they find that Mont. Carré gives other Diftances 
than the true, (fuch as ={ of the Diameter, or = of the Radius below the 
Center) for the Diftance of the Center of Ofcillation of a Sphere, fuf- 
pended by a Point of its Surface ; and 2 of the Axis of the Cylinder, as well 
as of the right Line, whatever be the Diameter of the Bafe: which is 
contrary to Experience as well as Reafoning ; fince it is eafy to compre- 
hend that Cylinders of different Diameters, tho’ of equal Heights, will 
not ofcillate equally, and like a right Line, or a:very fine ftrait Wire of 
-the fame Length. Thus Monf. Carr's Readers muft ftop after the four 
firtt Problems of the fourth Section. 

Want of room hinders me from faying much more upon this Sub- 
ject; yet I will add three Problems that I have found very ufeful upon 

“many Occafions ; and which fuch of my Readers who.are only vers'd in 

-common Algebra will be glad to find here: and thofe who do not un- 
derftand the Reafoning may yet make ufe of the Conclufions,, being fure 
not tobe deceiv’d, becaufe the whole ts built upon Mr. Huygens’s Rule, 
which we have demonftrated above, and from which.we have drawn 
thefe Confequences mathematically. 
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PROBLEM 1. : 


The Length of a Pendulum taken between the Center of Sufpenfion and 
that of Ofcillation being given: it is requir'd to find the Length that muft 
be fix’d between the Point of Sufpenfion and the Surface of the Ball, 
(whofe Diameter 1s given) that the Center of Ofcillation of the Ball may 
be at the Diftance given from the Point of Sufpenfion. 

Let the Length of the Pendulum given be == 4. 

The Length requir’d == x. 

‘The Radius of the Ball ==>. 

By what has been faid above it muft be 7 4- x» =- 


om and fubftituting — 2 ¢ inftead of + 


27 —6, and d inftead of r5— oem you will have 


XX — 20K s=d, andxx—2¢x +cc=d-+-cc; whence we 


draw x— cae dec) andx = /d+ ec c. Which was to 
be found. 


Tus if you would find what Length muft be given to a Thread tied 


toa Ball of an Inch Diameter, that it may vibrate half Seconds; we 


fhall have here 7 == 0,5, and 6== 9,782, 2r—b==— 2c will be 
== — 8,782; therefore c—= 4,391, andrd — 2" will be==-d— 


— rol. 
4,541, and x will be== «/ 4,541 + 19,28881)-+- 4,391, which you 


will find ‘equal to 9,271 Inches for the Length fought. 


PROCEEDING in the fame manner for a Ball of half an Inch Dia- 
meter to make it {wing half Seconds, all will be in the fame manner ex- 
cept 7, which will then be but equal to 0,25 Inches; and you will then 
find the Diftance requir’d == 9,425 Inches. It is well to obferve, that 
if-you make ufe of a Thread to make a Pendulum), the Alterations of the 


‘Air will often change x, the Length of the Thread, without you mea- 
‘fure it often: therefore to have in Practice Pendulums to fwing half Se- 


conds or quarter Seconds exactly, it is better to ufe a little cylindrick 


‘Broach drawn in a Wire-drawer’s Tool, to make it of the fame Dia- 


meter all the way, which muft be filed asin the Figure, fo that there 
may bea little Hole quite at the Top, that it may make its Vibrations 
upon a {mall Axis well polifh’d, fo placed as to be a Diameter of the 
upper Bafe of the Broach or Cylinder. The Length of the Broach con- 

_tain’d 
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tain’d between the middle of the Hole at Top, and the Bottom of the 
Broach, will be found by the following Problem. 


PROBLEM 2. 
~The Diameter or Radius of a cylindrick Bar being given, which is 
fuppos d to perform its Variations about one of the Diameters of its upper 


Bafe, it is requar’dto find how long the Bar muft be that the Center of 


Ofcillation may be at what Diftance you will from the Point of Suj- 
penjion. 

Let the Length of the fimple Pendulum, or the Diftance from: the 
Center of Ofcillation to that of Sufpenfion be = a. 

The Radius of the Broach or cylindrick Bar ==r. 

And the Length of the Bar fought for that Purpofe == x. 
We have already faid, that then as 4.27 == a, therefore 


2x 


ax-+ 3" = 34, and4xx+ 3 rr==6 ax, and by Tranfpofition 


4x xKx—6ax==—3 rr; thereforexr x—i ax == — irr, 
3a 94 4, gaa 


and x x — +p See EL Err, whence - is deduc’d 
Km da — / 1 —irr,andlatlx«—v “< —irr+tia. 
Now let us fuppofe that it be requir’d to know the Length of a cylin- 
drick Bar, whofe Diameter is .*. of an Inch, which ofcillating by its 
End muft fwing half Seconds ; that is, that here ry == 0,1, anda == 
9,782 Inches, you will have 2a@ = 95,687524 Inches, 94 a = 
86,187716 Inches, and re = 53,824232 Inches, andrr=—,or, and 

5327947 
iuiceal ee hese 
Wherefore x == 7,308 + 3 a, or becaufe a= 9,782, 3 a==73365, and 
confequently according tothe Expreftionabove x = VW us —2rr +i, 


the Length requir’d will be 7,308 +- 7,3365 == 14,6445 Inches. 

Ir we wanted the Length of a Broach of the fame Diameter, which of- 
cillating by one of its Ends fhould {wing quarter Seconds, then we fhould 
have a==2,4.4.55 Inches; 7 ==0,1 as before, and za==5,98047029 Inches, 


2 Q4aa4 pie 2 3 x me 
and 9 4 a4 = 53,82423226, and — == 3,36401451, and $77 == 


ee 
3 ee ° 0:28 3 ai Be 
3 rr==,0075, and thus J mm BY tS J 


9424 


ee oe) em merit ti 
0075. ‘Therefore vA 46 app ae Yf 3,35691451,) which is 


equal to 1,832 Inches ; which being added to 4 a == 1,834125, gives: 


for the requir’d Length of the Bar for the Pendulum to fwing quarter 
Seconds 3,666225 Inches. 


O44 


a 


y 


AXP IPCE UN EDI SXF 


At the Bottom of Page 446. after Line 35. read, 

I was difcourag’d from publifhing my Celidography in my firft Volume, 
by fome of our Aftronomers, who cali’d in queftion Bzanchinz’s Difcove- 
ries; but our worthy Prefident Martin Folkes having acquainted me 
that Signior Bzanchini, whom he knew very well, was too accurate to 
make any Miftakes in Aftronomical Obfervations, and too honeft to 
publifh anything that was not exactly agreeable to Truth; I have 
thought proper to publifh it here. 


A DisseRTATION concerning the Planet Venus, according to Bian- 
chini’s Difcoveries, as it 1s reprefented by Clock-work in a Planetarium. 


By the Author. 


H E. Revolution about the Sun is as before known, v7. near 22 5 
Days. 
The Revolution about her own Axis is 24 Days, eight Hours; and 
not 23 Days, as formerly thought. 
Tue Terreftrial Globe for Venus has thefe Remarkables. | 
1. Tue Angle of the Axis with the Plane of the Ecliptick is 15 Deg. 
2. Tue Tropicks aré-15 Deg. from the Pole, or 75° fromthe 
AEquator.» , 
3. THe Polar Circles are 15 Degrees from the Aiquator, or-75° from | 
the Poles. : 
4. Tue Plane of a Solar Horizon for the longeft Day cuts the Plane of 
the A‘quator at an Angle of 15 Degrees. 
5. THe Sun’s greateft Declination is 75 Degrees, | 
6. TuHere are but 9 + Days in every Revolution round the Sun. 
7. To bring the Days to an even Reckoning, every fourth Year mutt 


be a Leap Year, which, taking in the four Quarters of a Revolution, 
ewill make the Leap Year in Venus confift of ten Venereal Days ; equal 


to feven 4 Months of our terreftrial ‘Time. 

8. Tue long Day for the North Pole will contain 4 & apparent 
diurnal Revolutions of the Sun. Tho’ in ftrictnefs to one ftanding on 
the North Pole, every Point of the Horizon is to the South; yet let us 
fixa South Point, and that will fettle the other Cardinal Points for this 
Pofition of the Sphere. Be that then call’d the Meridian which goes thro’ 
the Sun, andthe Zenith when itis higheft, and the Place where it cuts the 
Horizon call’d the South: this will determine the Eaft and Weft, and 
North on the Horizon. ‘Then will the Phenomena be as follows, 

Tue Sun will rife 22 4 Degrees on the North of the Eaft, in an An- 
gle of fomething under ten Degrees with the Horizon, and moving ina 

I Spiral, 
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Spiral, after it has advane’d 112 4 Degrees, (to be meafur’d upon the 
Horizon) it will pafs the Meridian at an Altitude of ten Degrees ; then 
making one entire Revolution, it will pafs the fame Meridian at an Alti- 
tude of 42 4 Degrees: making another Revolution, it will again pafs the 
Meridian, as it culminates, at an Altitude of 75 Degrees, or. 15 Degrees 
from the Zenith : thence it will defcend again in the fame Spiral, and in 
its Defcent crofs the Meridian at the Height of 42 4 Degrees; and laftly, 
making its fifth Revolution, crofs the Meridian at the Height of ten De- 


r 


grees; and, going on 112 4, fetat a Northern Amplitude of 22 4 


Degrees. 
g. Tur Phenomena atthe South Pole will be mutatis mutandis, the 


fame as thefe. 

10. Now let us fuppofe the artificial Globe reprefenting Venus recti- 
fied for a Place on the Tropick, where the Sun is vertical at its greateft 
Northern Declination in the Colure of Solftices ; when a Solar Horizon, 
whofe Pole is in the Solfticial Point is alfo the rational Horizon ; and let 
us.call that Colure the Meridian, then we fhall obferve the following 
Phenomena. - : 
_ Tue Sun will rife with a Northern Amplitude of 7 } Degrees, and al 
ways moving in a vifible Spiral (in this and all other Pofitions of the 
Sphere) come to the Meridian the firft time with an Altitude of 25 De- 
orees; then, without fetting, come the fecond time to the Meridian in 
an Altitude of 57 4 Degrees; next, the Sun will come to the Meridian in 
the Zenith, for the third time ; the fourth time it will pafs the Meridian 
with an Altitude of 57 4 Degrees; the fifth time it will pafs it at the 
Height of 25 Degrees, and at laft fet with a Northern Amplitude of 7 4 
Degrees. The other half Year for this Place will be Night. 

11. For the other, or Southern Hemifphere, the Place in the Tro- 
pick where the Sun is vertical at the Solftice, will have the fame Phzno- 
mena, except that the Colure of the Solftices will not be in the fame 
Meridian as it was on the other fide, but. 45 Degrees more to the Weit. 
N. B. Ina Year the Solfticial Points in the Hemifphere advance go 
Degrees, So that tho’ the Spiral in which the Sun’s apparent Motion is 
perform’d, be of the fame fort every Year of Venus, yet it will not. be, 
the very fame, (that is, the Sun, will not pais vertically over the fame 
Places) till four annual Revolutions of Venus are compleated. 

12, Tue Phenomena in the Aiquator will not be the fame in every 
Degree of it, becaufe the Day is fo great a Part of the Year; we will 
therefore here confider two Places of it. The firft fhall be that Place 
which is cut by a Colure paffing thro’ the Solfticial Point in the. Nor- 
thern Tropick ; and there the Phenomena of the Sun will be as follows. 
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When the Sun is in the Northern Signs, it will rife the firft’ Day wit). 
13 Degrees of Northern Amplitude, then come to the Meridian with ten 
Degrees of Declination, or an Altitude of 80 Degrees: going on in the 
Spiral, it will fet with 18 Degrees of Northern Amplitude. The next 
Day it will rife with 35 4 Degrees of Northern Amplitude, come to the 
Meridian with 42 4 Degrees of Declination, (or an Altitude of 47 1 De- 
erees) and fet with 50 4 Degrees of Northern Amplitude. ‘The third 
Day the Sun will rife with 67 Degrees of Northern Amplitude, come to 
the Meridian with a Declination of 75 Degrees, (which is its greateft 
Declination, and at which time the Meridian Altitude will only be of 
15 Degrees) and fet with a Northern Amplitude of 67 Degrees, coming 
back towards the Atquator. ‘The fourth Day the Sun will rife witha 
Northern Amplitude of 50 4 Degrees, come to the Meridian with 42 4 
Degrees of Declination, (or an Altitude of 47 4 Degrees) and fet with 
35 4 Degrees of Northern Declination. The fifth Day the Sun will 
rife with 18 Degrees of Northern Amplitude, come to the Meridian with 
a Declination of ro Degrees, (or Altitude of 80) and fet with 3 Degrees 
of Northern Amplitude. NN. B. Thefe Appearances, from 3 Degrees of 
Northern Amplitude of the Sun at its firft Rife the firft Day, to 3 De- 
grees of Northern Amplitude at its fetting the fifth Day, happen during 
~ of a diurnal Revolution more than half an annual Revolution of 
Venus. : 
13. Tue fame Phenomena will happen, mutatis mutandis, when the — 
Sun is in the Southern Signs. %: 
14. THE Phenomena of that Place on the Aiquator, where the Sun 
is inthe Zenith at Noon, the firft Day of its half Year’s Progrefs, will 
be as follows, ‘The firft Day the Sun will rife about 8 + Degrees 
South of the Eaft, come to the Meridian in the Zenith with no Decli- 
nation, and fet about 8 + Degrees to the North of the Weft. ‘The fe- 
cond Day it will rife with 24 £ Degrees of Northern Amplitude, come 
to the Meridian with 32 4 Degrees of Declination, (or 57 4 Degrees 
high) and fet with 40 4 Degrees of Northern Amplitude. The third 
Day the Sun will rife with 56 + Degrees of North Amplitude, come to 
the Meridian with 65 Degrees of Declination, (or 25 Degrees high) and 
fet with 73 4 Degrees of Northern Amplitude. . The ‘fourth Day the 
Sun wil nfe with 62 £ Degrees of Northern Amplitude, come to the 
Meridian with 52 % Degrees of Declination, (or 37 4 Degrees high) 
and fet with 40 4 Degrees of Northern Amplitude. The fifth Day 
the Sun rifes with about 27 Degrees of Northern Amplitude, comes 
to the Meridian with 26 Degrees of Declination, (or an fiitiile 
| . dg 
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sof 70 Degrees) and fets with about 12 Degrees of Northern Am- 
plitude. 


Tuis happens when the Sun is in the Northern Signs, and the fame 
mutatis mutandis, when it is in the Southern Signs. 

From all this it appears that there can be no right Sphere, or 
parallel Sphere on this Globe; the Sun’s apparent Motion being very 
oblique to an Obferver at the Pole, or at the A®quator, as well as in 
any other Place. 

15. In refpect to the annual Motion, the Sun will appear to go 
thro’ every Sign of the Zodiac in 18 Days, and near + of our terreftrial 
Days, which make a little more than 3 of one Venereal Day. 
_ 16. If it be allow’d me to confider final Caufes, I beg leave to make 
the following Conje¢ture. 

_ Query. May not. the Inclination of Venus’s Axis, and the odd 


Number of g i Days. in its annual Revolution, which give the Sun 


fo great, and fo quick a Declination, be order’d to prevent the too 
great Effect of the Sun’s Heat, (which, according to Venus’s nearer 
Diftance, muft be twice greater than it 1s upon the Earth) by prevent+ 
ing the Sun from fhining perpendicularly over,the fame Countries two 
Days together ° For here the Sun appears to have the fame Track but 
once in four Years. Befides, the Nights being longer, give the heated 
Soil of the Planet Time to cool. 

Ir we compare this with Fupiter, and confider it in this conjectural 
way,, we. fhall find the Situation of its. Axis, and Quicknefs of its Revo- 
lution about it properly contriv’d for increafing the Effect of the Sun’s 
Heat, whofe Quantity is much diminifh’d on account of its Diftance, 
The Heat of the Sun at Supiter is but =, Part of what it is at the 
Earth ; but then as Ywpiter’s Axis is perpendicular to its Ecliptick, the 
Sun fhines perpendicularly, or nearly fo, on the greateft Part of “fupiter’s 
Surface, fo that by its conftant fhining over the fame Place, it muft in 
time fufficiently warm it; and, perhaps, ‘fupiter’s Belts are Vapours 
rais’d out of its heated Soil. The quick Revolution of ‘fupiter about its 
- Axis, which makes the Day fomething under five Hours long, does not 
give thofe Parts which have been heated by Day, Time to cool too faft by 
Night. Ifit be alledged that near the Poles of “fupster it muft be very 
cold, it may be anfwer’d, that the Sun fhines upon them every Day, 
which is not the Cafe in our Earth, where the Nights are half a Year 
long : and perhaps the Polar Parts may be inhabited by Animals different 
from thofe that live in the torrid and temperate Zones, 
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Air changed, purified, and conveyed from Place to Place, 
| by the Author. 


WA HE Reverend, Learned, and Ingenious Dr. Stephen Hales has 
: lately publith’d a Book call’d Toe VENTILATORs ; wherein he 

a deftribes feveral kinds of Bellows of his Invention, which he. re- 
commends to publick Ufe for purging of foul Air, and giving frefh Air 
to Ships, Prifons, Hofpitals, &c. which if made ufe of, will fave the 
Lives of Thoufands, who perifh every Year by breathing unwholefome 
Air only, I hope he will be rewarded as he deferves for fuch:a’ noble . 
Propofal: or if he finds a Combination againft him to defeat it, (as I have 
found upon the fame Occafion) he ftill will be commended by wife and 
cood Men, who with well to the Publick, and that is a Reward in the 
midftof Difappointment. As I have made Experiments thefe 28 Years | 
upon the purifying of Air, conveying it from one Place to another, and 
changing it for the Advantage of thofe that breathe it in clofe Places to the 
Detriment of their Health ; and ftill (to ufe the vulgar Exprefiion)’ have 
been jockey’d out of my Project: I fhould have thought it a fufficient Re- 
ward if the Do€tor had mention’d, tho’ ever fo lightly, chat I had made 
jome Experiments that way; nay, tho’ he had faid that my Machine, or 
Blowing-Wheel, (which he had at Teddington to make trial of) did not 


blow near fo ftrongly as his Bellows, and therefore muft be much worfe ; 


tho’ my Intention by that Machine was to give frefh Air to fick People 
infenfibly, and therefore I made it but of half the Diameter of the 
Wheel, which is over the Houfe of Commons, and confequently of the 
eighth Part of that, which conveys Air thro’ a fquare Bore of feven 
Inches at the rate of a Mile in a Minute. I believe the Doctor was in 
fuch hafte to publith his VenTiLarors, that this Omiffion was pure . 
Forgetfulnefs ; for he mentions me in other refpects; and is fo far from 
alcribing the whole Invention to himfelf, that he fays, that fomething like 


. —) ° ° 
this Method is made ufe of in Sweden, 
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Tue only Inconveniency I find, is, that I am obliged now to pub- 
lifh an Account of the principal Experiments I have made upon this Sub- 
ject fince the Year 1715 ; left I fhould be look’d upon as a vain Boafter, 
when I fay that I made moft of the Experiments mention’d as made 
and propos’d to be made in the Venrizarors: unlefsI give an Ac- 
count of Facts, and the Date of thofe Facts. 

In the Year 1715, I tranflated, from; the French a Book call’d Ja Me- 
canique du Feu, which I knew ..to be written by Monfeur Gauger, a 
very ingenious Gentleman of Paris, tho’ he conceal’d his Name. This 
Book, which I call’d Fires ¢mprov’d, contain’d many ways of bringing 
heated Air into a Room to warm it upon. occafion, by making it circu- 
late behind Jams or Sides of Brafgor Iron with which the Fire-Place is 
enclos’'d, &c, I lik’d this better than the way of Stoves, by which ftag- 
pant Air is warm’d, and the fame, Airis breath’d over and over again, 
which, is a very unwholefome way... Now asa Coal Fire takes up lefs 
Space than a Wood Fire; to the Author’s Book, I added a Method of 
conveying the Air, that came in, round the Grate very near the Coal 
Fire, in order to. warm the Room as effectually where Coals are ufed, as 
Mr, Gauger does where Wood is burn’d. But as.a great many People 
are of opinion, that there is a w/vifying Spirit in Air, and that burning 
the Air would make it unfit for breathing, by depriving it of that Spirit ; 
I was willing to try whether the thing was fo or no; or whether it was 
not rather the manner of burning the Air, which made it pernicious to 
Animals, by mixing fome unwholefome Effuvia with the burn’d Air, 
Accordingly I made many Experiments for that. purpofe, of which I 


55Z 


fhall only mention a few here. To the Plate covering the Receiver of?late 25. 


an Air-Pump, I fix’da Cock, anda curve Tube of Brats ending in an Iron 
Tube, fo as the End of the faid Tube being thruft into a-red-hot metalline 
Cube might not melt, when the Air to be re-admitted into the above-men- 
tion’d Air-Pump Receiver was made to pafs into the middle of the red-hot 
Cube, before it enter’d into the Pipe... When the Airbad-run into the 
red-hot Cube, and then paffing firft thro’ the Iron, then the Brafs Tube, 
into the. exhaufted Receiver, (the ‘Cock atthe "Fop of, the .Plate being 
open) one might eafily lift up the Plate, burn’d Air having as much 
Elafticity as the Air.that had ;been taken out, of the Receiver before; I 
made ufe of three different Cubes of Metal, weighing five Pounds each, 
for thefe Experiments, in the following’ manner. ; 

Tue Iron Cube being made red-hot in a Charcoal Fire, dll its Heat 


began to look white, I took it out of the Fire, and fet it upon a Brick, | 


fo as to put the Irom End of the Pipe that went to the exhaufted Re- 


ceiver near an Inch into its Hole ; then turning the Cock on the Plate 


Fig. 27. 
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of the Receiver, the outward Air having been burn’d in paffing thro’ the 
Cube, filld the Receiver’ till T could take off the Plate; then putting 4 


Linnet into the Receiver with a Plate over him, the Bird did not feem 
to be affected in half an Hour. 


I rry’p the fame ‘kind of Experiment with a Copper Cube, and 


another Linnet was not affected with the Air burn’d this way. 


I rry’p a Brafs Cube, not above half fo much heated, as the Iron 


.of the Brafs one had been, and I did not find that another Bird of the 


fame kind, receiv’d any Damage: but upon heating the Brafs Cube again, 
‘till its Corners began to melt, the Air was fo infected with the Steam of 
the Lapis Calaminaris, that another Linnet being put in, died in. two 
Minutes, F 
Tren I took the Iron Cube, and put it into a Chafing-dith of Char- 
coal, fo that the Air could not pafs into the exhaufted Receiver, without 
firft going thro’ the burning Charcoal ; another Bird put into the Air 
thus foul’d, died in an Inftant, anda Candle let down into this Air, 
went out immediately, clearing about an Inch of that Air; another 
Piece of lighted Candle was let down a little lower, purging the Air as low 
asit went, ’till five or fix Pieces of Candle fucceflively let down, purg’d 
the whole Air; fo that another Bird was let down then without receiving — 
any Hurt. . dt 
WueEN the Air was let in thro’ the Flame of Spitit of Wine before 


it went into the red-hot Cube, it prov’d as mortal to a Bird as the Time 


before. 
THe way that Mr. Hauk/bee made the Experiment formerly, was in 


. the following manner: He took a Piece of Brafs of the fhape of a Vinegar 


Cruet, and having bor’d a Hole, down the Neck of it as far as the larger 
Part, plac’d it in a Chafing-difh of burning Charcoal, having thruft into 
it the Pipe that came from the exhaufted Receiver, which Pipe being 
of Brafs, he fecur’d from melting to the Brafs Lump, by Pieces of Iron 
Wire thruft in between the Pipe and the Lump. Upon opening the Cock 
to let the Air into the Receiver, it is plain that this was not meerly burn- 
ing of the Air; but driving in along with it the Steams of the Charcoal 
and the Brafs, : 
Tue late Mr. Worffer having read of burning Air, but not of my 
Method of doing it, immediately declar’d againft the new Contrivance 
that I countenane’d, without having read my Book; for I won’t fup- 
pofe that he could declare fo pofitively againft my Method of warming 
Rooms, if he had read my Account of the fore-mention’d Experiments, 
The vivifying Spirit, which he faid was contain’d in the Air, was only 
an Affertion of his own without Proof; for Dr, Ha/es has fince fhewn, 
that 
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that there is no fuch thing as that vivifying Spirit. Some other People 


have as rafhly determin’d againft my Method. 

To’ meerly burning the Air does not make it worfe for breathing, 
and we know that Lightning purifies it, by burning away a great many 
of thofe fulphureous’ Particles that often float in too great Plenty in the 
Air: yet to avoid all Objections, I never brought in the Air thro’ red- 
hot Pipes paling thro’ the Fire; but (tho’ I was oblig’d to bring my 
Conduit for the Air round a Sea-Coal Fire much nearer together than 
Mr. Gauger did round his Wood Fires, which took up more room than 
a Coal Fire) yet I always made my ‘Tubes to bring in the Air of Plate 
Iron, (found to be innocent by Experiment) and of five or fix Inches 
Diameter: {o that this Air was no'more heated than it would have been 
by a Summer’s Sun; and the Air introduc’d came immediately from 
without doors: {6 that the whole Air of the Room was often chane’d in 
a quarter of an Hour} and had none of the old Unwholefomenef§ and In- 
conveniency of a German Stove ; where the fame Air is heated, even to 
the Suffocation of thofe that are not wfed to it. 3 


His Grace the: Duke of Chandos has had two of thefe Machines 


about five ‘or fix and twenty Years in his Library, and never found any 
Inconveniency from the Ufe of them ; as alfo twenty or thirty Perfons 
more, who had them from the Beginning of my applying the In- 
vention, : 

Now as I'took fo much Pains and Care, and was at fome Expence to 
make this Management of Air ufeful, I can’t help complaining of thofe 
that endeavour’d to defeat me in it. 

A “Man who came from France, without knowing any thing of 
Mr. Gauger’s Contrivances, but pretending to be the Author of his Book, 
(becauie it had no Name to it) got my Tranflation of Gauger’s Book, 
and carried it toa famous Brazier, to inftrué him how to make one of 
the Machines for his Grace the late Duke of Kent, for whom he had 
promis’d to fet up one; and coming to me to get more Light into the 
matter, fhew’d me the French Book, which he faid he had written: 
but upon my calling him Mr. Gauger, (having never feen that Author) 


he told me then he had only written the Book jointly with Mr. Gauger ;. 


and I found, upon Trial, that he could not read three Pages of the 
Book together. Notwithftanding this, he had the Impudence to apply 
to Count Bothbmar, and to Monf. Robetbon, to reprefent him to his late 
Majefty as a poor ingenious Man, who had found out a noble Inven- 

tion, that deferv’da Patent, which he could not pay for. ; 
His Majefty and thofe Gentlemen were ready to pay for the Man’s. 
Patent; but when I heard of it, I thought it hard that I fhould by that 
means 
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means be excluded from an Invention, that. Monf. Gauger had given 
the Publick in French, and 1 had fince. publith’d in Engh/h with Im- 
provements : and therefore, tho’ I was.ofter’d shalt the Patent saithiout 
any EER ces I rejected it. 

In. the Year 1720, with my Workman William ieaeah I nancial 
feveral Methods of drying Malt with hot Air, but sdeferr’d. getting out the 
Patent for the Invention, ’till I coald, by proper Experiments, demonftrate, 
that it would be an Advantage to the Trader, as well as to a Gentleman, 
who might make Beer with that fort of Malt out of Curiofity, In the 
mean time Captain Bufby, a Buckinghamfhire Gentleman, inform’d 


himéfelf of me of my Experiments, and. told me,. that. having a Kiln in 
Buckinghamfbire, £ 1 would lend him my Workman, he would. make 


fone further Experiments, and. acquaint me’ with the Succefs. of them. 
T did fo: and the next News I heard about it’ wasia Letter from him, 
to acquaint me that he had found out an excellent Method of drying | 
Malt by hot Air; for which he had fet up a Subfcription, and I might 
be welcome to take as many Shares in it as ] pleas’d, paying for them 
the rate of other People. I made no Anfwer,to fuch a Propofal ; but 


heard in a little time after, that he had gain’d twenty thoufand Pounds 
by this Project, and loft it again in the South-Sea, 


In the Year 1723, Lapply’d this Invention to the clearing the Hout 
of Commons of foul Air, which I did in the following manner : ;9>) 

Art each Corner of the Houfe in the Cicling there. is. a’ Hole which 
was the Bottom of a truncated Pyramid going up fix or eight Feet-into 
the Room over the Houfe, fet up by Sir Chriflopher Wren, to let the 
Air (made foul by the Breath of fo many People, and the, Steam, of the 
Candles when ufed there) go out; but it fo happen’d, that when the 
‘Tops of the Pyramids were open’d, the Air above being colder, and:con- 
f{equently denier, pufh’d down with Violence into the Houfe, and be- 
came a Nuifance to People that fate under thofe Holes.. I-caus’d’ two 
Clofets to be built at each End. of the Room above the Houfe, of Com- 
mons between two of the Pyramids above-mention’d ; and Jeading a 
(Trunk from thofe Pyramids to the fquare Cavities of Iron, that went 
round a Fire Grate fix’d in the Clofets; as foon asa Fire was lighted in 

thofe Grates about Twelve o’Clock at Noon, the Air came up from the 
Houfe of Commons thro’ thofe heated Gauitne into the Clofets, ane fo 
went away up their Chimneys. 

Mrs. Smith, the Houfekeeper,. who had Poffeffion of the Tate 
over the he of Commons, not liking to be difturb’d in her Ufe of 
thofe Rooms, did what fhe could to defeat the Operation of thefe Ma- 
chines ; Which the ‘at laft compais'd by not having the Fire lighted, 
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till the Houfe had fate fome time, and was very hot: for then the Air 
in the Clofets, that had not been heated, -went down into the Houfe to 
an Air rarer, and Jefs refifting, whereby the Houfe became hotter, in- 
ftead of being cool’d. But when the Fire had been lighted before the 
meeting of the Members, the Air went up from the Houfe into the 
‘Clofets, and out of their Chimneys, and continued to do fo the ‘whole 
Day, keeping the Houfe very cool, 

A LirTve after this I made the Houfe of Lords warm, by a Con- 
trivance, which, checking the cold Air that ran in from all Parts violently 
thro’ the Fire, and thereby ftarv’d the Backs and Legs of thofe that ftood 
near enongh to burn their Shins, fuffer’d only fo much to go up the 
Chimney, as would keep the Fire burning, whilft the reft that was 
heated was drove back into the Houfe, where:it was diffufed, and 
warm’d every body comfortably. N.B. This Machine is defcrib'd in 
the laft Edition of my Fires tmPRov’D, and is fill in ufein the Houfe 
of Lords. 
ire the Year 1727, I contriv’d a Machine for the late. Earl of We/f- 
moreland, to clear a Coal, Lead, Copper, or anyother Mine, from any 
kind of Damp, be thofe Damps f{pecifically lighter, or {pecifically hea= 
vier than common Air: of which I fhew’d the Royal Society feveral 
Experiments, of which the Account is printed in the Tranfactions in the 
following Words. 


An Account of Experiments with an Engine to draw Damps or foul Air 
out of Mines, by the Author; taken from N° 400, of the Tranfactions 
of the Royal Society, in the Year 1727. 


ee Engine confifts of a triple Crank working three Pumps, 
which both fuck and force Air, by means of three Regulators, 
‘and are alternately applied to drive Air into, or draw it from any Place 
affign’d, thro’ fquare wooden Trunks ; which being made of flit Deal, 
and ten Inches wide in the Infide, are eafily portable, and join’d to one 
another without any Trouble. 


EXPERIMENT I. 

I Friv’p a tall cylindric Glafs with the Steams of a burning Candle, 
and burning Brimftone Matches, fo that a lighted Candle would go 
out almoft as foon as it was let down into it. Then fixing the 
Trunks to the forcing Hole of the Engine, I drove frefh Air into the 
Bottom of the above-mention’d Receiver ; fo that the foul Steam came 
out at the Top of the Receiver. 

Wor: ii. Cece EXPERIMENT 
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_ ExPERIMENT 2. 

Havine fill’d another Receiver (clofe at top) with foul Steams, ag 
before, I plac’d it ina Pofition almoft horizontal, only with the clofe 
End, ‘fomething above the open End, that the foul Steam might 
not go out of itfelf, when ipocitically lighter than common Air, I fix’d 
the ‘Trunks to the fucking Hole of the Engine; and by working the 
Engine drew out the foul Steams from every Part of the Receiver, as the 
Trunks were applied to them fucceflively. : 


EXPERIMENT 3. 

Havine fill’d with foul Steams, and fet upright the cylindric oper 
Receiver, I applied the Trunks to the fucking Part of the Engine with 
their open End near the Bottom of the Receiver. Then, by pumping, 
the Steams were all drawn downwards, and fo out thro’ the Trunks... 


EXPERIMENT 4. 

Havine fet a Candle in the cylindric Receiver above-mention’d, 
without having fill’d it with Steams, and let down the Trunks into the 
Receiver below the Flame ofthe Candle, I laid the wet Leather over the 
Mouth of the Receiver, leaving about half an Inch open for the Air to 
come in; notwithftanding which, the Candle began to dwindle, and was 
ready to go out; but working the Engine with the Trunks join’d to the 
forcing Part, the Candle reviv’d, and burn’d at laft as well as in the open 
Air, When I had left off pumping, the Flame of the Candle diminith’d 
again ; but when it was ready to go out, it reviv’d again upon forcing in 
more Air with the Engine. 

saat Damps in ” Mines ate {pecifically lighter than common Air, 
they will be driven out of the Mine by the firft Experiment. 

Wuewn Damps ave fpecifically heavier than common Air, they may ™ 
fucked out by the fecond or third Experiment. 

Wen a Sough, or Adit, is carried from a Mine to any diftant 
Valley, to di (charge the Water, or fave the Trouble of raifing it quite 
to the top: of the Pit, Shafts. or perpendicular Pits are generally funk from 
the Surface of the Earth to the fiid Sough, to ae the Workmen 
from. being fuffocated as they dig the Sough, and that at a great Ex- 
pence ; but by Exper. 4. freth Adx may be driven down to. the 
Workmen, to continue their breathing free and fafe, and to. keep in their 
apie by which means the Expence of perpendicular Shafts will be. 
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Ir has been found by feveral Experiments, that a Man may breathe a 
Gallon of Air in one Minute, and a Candle of fix in the Pound will burn 
nearly as long in the fame Quantity of Air; fo that a large Engine will 
abundantly {upply Air for the burning of Candles, and the working of a 
great number of Men ina Mine. 

Tue Engines work with a great deal of Eafe, becaufe no Preffure of 
Atmofphere is to be remov’d; only a Velocity to be given to one {fort of 
Air, to change it for another. 

Fire will not do in all cafes, tho’ in fome it will draw foul Air 
out of Mines with fuccefs ; becaufe feveral forts of Damps extinguifh 
Fire, and fome fulminate, and are dangerous when Fire comes near 
them ; and even incommon ftagnant Air, Fire will not keep in long. . 

LARGE Bellows have fometimes been made ufe of for this purpofe; 
but they require a much greater Power to produce the fame Effect, and 
cannot have the Advantage of being immediately chang’d from forcing 
to fucking; neither are they fo cheap as the propos’d Engine, which 
may be all made of Wood, except the Crank, which mutt be of Iron, 
and the Barrels of very thin Copper. The Crank being a Foot long, 
and the Barrels a Foot and an half Diameter, one Man may difcharge 
about thirteen cylindric, or ten cubic Feet, of Damp from the Bottom of 
the Mine in a Minute. | 

In the Year 1736, Sir George Beaumont, and feveral other Mem- 
bers of the Houfe of Commons, obferving that the Defign of cooling 
the Houfe by the Fire-Machines above defcrib’d, was fruftrated, afk’d 
me if I could not find fome Contrivance to draw the hot and foul Air 
out of the Houfe, by means of fome Perfon that fhould entirely depend 
upon me; which when I promis’d to do, a Committee was appointed to 
order me to make fuch a Machine, which accordingly I effected, calling 
the Wheel a centrifugal, or blowing Wheel, and the Man that turn’d 
it a Ventilator. 

Tuis Wheel, tho’ in fome things like Papin’s Hefian Bellows, 
differs much from it, being more effectual, and able to fuck out the 
foul Air, or throw in frefh, or to do both at once, according as 
the Speaker is pleas’d to command it, whofe Order the Ventilator 
waits to receive every Day of the Seflions, the Wheel being {till in 
ufe, 

Turs Wheel is defcrib’d in N° 437. of the Philofophical Tranfactions, 
in the following Words, | 
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fin Account of an Inttrument or Machine for changing the Air of the 
.Room of fick People in a little time, by either drawing out the foul 
Aur, or forcing in frefh Air ;, or doing both fuccefively, without open- 
ang Doors or Windows. ; 
N. B. The Model of this Machine, made by a Scale of an Inch to a Foot, — 
was fhewn the Royal Society the thirteen Day of Jane, 1734. By 
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Fig. we Pee ghd ate a Cafe D EC B, containing a Wheel of feven Feet 
’ in Diameter, and one Foot thick ; being a cylindrical Box, 
divided into 12 Cavities by Partitions directed from the Circumference 
towards the Center, but wanting nine Inches of reaching the Center, 
being open. towards the Center, and alfo towards the Circumference, 
and only clos’d at the Circumference by the Cafe, in which the Wheel 
turns by means of an Handle fix’d to its Axis A, which Axis turns im 
two Iron Forks, or half concave Cylinders of Bell-metal, fuch as Ay 
fix’d to the upright Timber or Standard A E. 

From the middle of the Cafe on the other fide behind A, there 
comes out a Trunk or fquare Pipe, which we call the Sucking-Pipe ; 
which is continued quite to the upper Part of the fick Perfon’s Room, 
whether it be near or far from the Place where the Machine ftands,- in 
an upper or lower Story, above or below the Machine. ‘There is a cir- 
eular Hole in one of the circular Planes of the Machine of 18 Inches 
Diameter round. the Axis, juft where the Pipe is inferted into the Cafe; 
whereby the Pipe communicates with all the Cavities; and as the 
Wheel is turn’d fwiftly round, the Air which comes from: the fick 
Room is taken in.at the Center of the Wheel, and driven to the Cir 
eumference, fo as to go out with great Swiftnefs at the Blowing-Pipe B: 
fix’d to the faid Circumference. aes 

As the foul Air is drawn away from the fick Rooms, the Air in the 
neighbouring Apartments will gradually come into the Room throught 
the fmalleft Paflages: But there is a Contrivance to apply the Pipes 
which go to the fick Room to the Blowing-Pipe B, while the Sucking= 
Pipe receives its Aironly from the Room where the Machine: ftands, By 
this means frefh Air may be driven into the fick Room after the foul has 
been drawn out.. 

Tus Machine would be of great ufe in all Hofpitals, and’in Prifons - 
It would alfo ferve very well toconvey warm or cold Air into any diftant 
Reom ; nay, to perfume it infenfibly, upon occafion.. 
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Fig.2. Represents the Infide of the Flat of the Wheel which is 
fartheft from the Handle, and next to the Sucking-Pipe. : 

I, 2, 3, 4. Represents the Cavity or Hole which receives the 
Air round the Axis, having about it a circnlar Plate of Iron to hold all 
firm; which Plate is made faft to the Wood, and to the Iron Crofs that 
has the Axis in it, 

ggg Denotes, bya prick’d Circle, a narrow Ring of thick Blan- 
ketting, which (by prefling againft the outfide Cafe, whilft it is fix'd to the 
outfide of the Flat of the Wheel) makes the Paflage intothe Wheel tight. 

H H His another Circle of Blanketting, likewife fix’d to the outfide 
of the Wheel, and rubbing againft the Cafe, that the Air violently 
‘driven againft the inner Circumference of the Cafe, may have no way 
out, but at the Blowing-Pipe at B. 

THERE is on the outfide of the other Flat of the Wheel, where the 
Handle is fix’d, a Ring of Blanket:ing, like H HH, oppofite to it; 
but none oppofite to g gg, becaule the Wood there is not open, but 
comes home clofe to the Axis. 

Fig.3. Gives a vertical Seétion of the Wheel and Cafe a little for- 
ward of the Axis, drawn by a Scale twice as large as that of the other 
two Figures. | 

A a, the Axis fupported by the Irons A, a, cylindrically hollow’d, 
except the upper Part, where a Pin keeps in the Axis. 

BD, the Cafe with the Sucking-Pipe 5 a. 

E A, the Prop for one End of the Axis. 

I, 2, the Opening into the Wheel. 

g g, the Eminence of the Wood, to which is fix’d the {mall Ring of 
-Blanketting. 

Tue four black Marks, one of which is near H, reprefent the Sec- 
tions of the two other Rings of Blanketting. 3 
N. B. There is no need for the Blanketting about the Circumference of 


the Wbeel.- 
In the latter End of the Summer of the Year 1740, the Lords of 


“the Admiralty order’d me to fhew them the Model of my centrifugal- 


Wheel and Air-Pipes ; which having done, fome of their Lordfhips did 
me the Honour to go to the Houfe of Commons, to fee the Operation 
of the Wheel: fix’d there. Sir Facob Ackworth attended them, and 
- {eem’d to approve the Machine as well as they did: and I was order’d 
to make a Blowing-Wheel with its Pipes, to be try’d on board the 
Kinfale at Woolwich; but lets than that. at the Houle of Commons, that 
it might not take up too much room in the. Ship. 
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_ Sir “faced appointed a Day for Mr. Clutterbuck, (one of the Lords 
of the Admiralty) and himfelf to go and fee the Experiment: and 
tho’ I alledg’d that the Machine could not be done by that Time, 


he full infifted upon the Day, and I made the Carpenter work all Night ; 


but yet we could only fend the Machine down in Parts, which Mr. Clut- 
terbuck could not ftay to fee put together-that Day. 

Sir ‘fecob appointed another Day to fee the Experiment ; but when 
I came down with my Carpenter, who had put up. the Machine, he 
found fome Excufe not to be there, but order’d fomebody belonging. to 


the Yard to fee the Experiment. 


THERE was a wooden {quare Trunk, whofe Bore was three Inches 
by five, (which we may eall the Sucking-Pipe) reaching from the Car- 
penter’s Store-room to the Engine, that was fix’d between Decks about 
the middle of the Ship, and another Pipe of the fame Size going from 


the Engine two Feet out above Deck. 


A Smoke being made in the Carpenter’s Store-room with Pitch, and 
other fmoky Subftances, then the Engine was fet to work. After 


two or three Turns of the Wheel, holding one’s Head over the Mouth 
‘of the Pipe above Deck, one might fmell the Pitch and ftinking Smoke ; 


and holding a Sheet of Paper over the Hole, it was violently blown 
out of the Hand, and the Smoke came out black as from a Chimney, — 
‘till the whole Store-room was clear’d of the Smoke and Stink. 

THEN the Valves about the Engine being chang’d from fucking to 
forcing, (as there were written Directions for that purpofe) a Smoke 
and Smother was made in the fore part of the Ship between Decks, and 
twenty or thirty Perfons went down, and forwards, ’till they were 
within the Smell of the Fumes, and very hot. Then the Wheel being 
turn’d for blowing forwards, or forcing, the Smoke and Stink were firtt 
met by the Company, and having pafs’d by them, frefh Air follow’d, 
which made them as cool as upon Deck,» Another Company coming 
afier, at ten Yards diftance, firft met the Stink, and then the frefh 
Air. , 

Aut Perfons prefent commended the Machine; only an old Man or 


‘two, who had been at Yamaica, grumbling, told my Carpenter, that 
‘tho’ this was the beft thing he had ever feen, he was fure it would not 
“be fuffer’d to be put in practice. | . . 


ArTeR this I waited on Sir Sacob Ackworth, who feem'd to me 


‘from Report to like the Machine well; but told me, there was no oc- | 


cafion for my going down the next time; but that my Carpenter would 
be fufficient to thew him the Experiment; fo accordingly Kembel 
; 7 | Woattley, 
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Whattley, my Carpenter, went down to make the Experiment, of 
which his following Letter is an Account, 


To the Reverend Dr. DesacutiErs. 


SIR, | Weftminfter, 1740. 
A S you order’d me, I went down to Wookvich to attend on Sir 
** Jacob Ackworth, and I met him on board the Kin/ale, to try 
the Experiment on the Air-Machine; and as he came on board he 
was very complaifant to me, and afk’d me if I was the Perfon that 
‘© was appointed by Dr. Defaguliers to attend him, in order to try 
the Experiment of the Air-Machine, and I told him I was. Then 

«* faid he to the Men, hoift the Wind-fails, and the Wind-fails were 
“ hoifted. Now, fays he tome, we have cut two Scuttle-Holes at 
each End of the Ship, and you fhall fee what the Wind-Sails will 
do, it is our old way when at Seas; and while they were hoifting the 
Sails, I went down under Deck to put the Engine in order. But 
*¢ J had not been there long, before I was call’d for. So when Icame 
up, it was to fee that the Wind-Sails, that were put down, would 
blow out a Candle at one of the Scuttle-holes, Now, faid he, I 
would have you work the Engine, and fee whether that will throw 
out fo much Air as our Wind-Sails you feedo. Lord, Sir, faid I, 
that, I imagine, was not the Intent of the thing; it was to draw 
out the foul Air from any Part of the Ship, that there were Tubes 
to convey it from: it is impoffible that a thing, which is but three 
«© Inches by five, fhould throw in as much Air, asa thing two Feet 
* fix Inches Diameter. So we talk’d a-while, and-at laft he told me 
“< that he could not ftay, but that he had thought fo before, and that 
he was forry that the Machine would not do. Pray, Sir, faid I, let 
there be a great Smoke made in the Carpenter’s Store-Reom, and fee 
whether the Engine, or your Wind-Sails will deftroy it firt. Then 
« he told me, that he could not poflibly May; buat that Gentleman there,. 
faid he, pointing to a pretty lufty Man that was prefent, fthall be 
with you, and he and you may try the Machine as you pleafe, and. 
« I fhall think the fame of it from his Report, as if 1 were prefent. 
So, Sir, it was then left to the Gentleman and me to try it; and I 
burn’d Piteh in the Carpenter’s Store-room, and made a’ great. 
« Smoke, and otder’d the Engine to be work’'d, and it draw’d it.out 
in lefs than five Minute’s time. Then I ‘turn'd the Valves, and: 
* brouglit. 
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¢ brought in frefh Air; and, :as I thought, it. gave the Gentleman en- 
«¢ tire Satisfaction: but however, we made as great a Smoke as_ before, 
«and put down the Wind-Sails, and then the Smoke was driven into 
“ feyeral Parts of the Ship, and that not in half the Time that your 
« Engine did it in; and then it went out above Deck. Sir acob told 
«© me afterwards, that he was forry that it fucceeded no better, but he 
«thought it might be a very pretty thing ina Houfe. Sir Yacob de- 


<< fires his humble Service to you ; and when you come to Town, I 


_ fhall be fure to wait on you with the beft Account of the whole Af- 


«fair, which I can’t fo well exprefs in writing, and am, Sir, 


Your humble Servant to command, , 7 
's Sipe aeies KEMBEL WHATTLEY.” 


Now let every impartial Perfon judge, whether I have not reafon 
to complain ; for not one of the Lords of the Admiralty, (who talk’d 
of having many of thefe Machines for the Prefervation of the Health of 
the Perfons then going to ‘famaica) fo much as faw the Experiment 


made. Nay, Sir Facob himfelf, who condemn’d the thing, did not 


once fee it; but made his Report from another Reporter, whom he left 
behind to give him an-Account. : 


Tuus ended my Scheme, which I hoped would have been of teat ' 
Benefit to the Publick, : 


Last Year a Man came to the Royal Society, and brought a Con- 
trivance with Cdpper Tubes, to bring all the foul Air of a Ship into the 
Fire under the Boiler in the Cook-room, to be difcharg’d that way. I 
faid then I diflik’d it, becaufe the Air from the bulg’d Water, and all 
Sulphureous Steams, were in danger of taking fire, and by their Explo- 
fion putting a Ship in danger. This I hinted at in my former Paper, 
above quoted, out of the Tranfactions, N®° 400. | 

AccorDINGLY I am inform’d by one of the Lords of the Admi: 
ralty, that there is a Letter come to their Board, from a Captain abroad; 
informing them, that, as he was making ufe of this Machine, the foul 
Air went off with an Explofion. 7 | 

Tue Reverend and Ingenious Dr. Hales, who has my little Wheel by 
him at Teddington, has made Bellows, which blow much moce ftrongly, 


of which he has given a Defeription. in. his Book lately -publifh’d, call’d 


Tur VENTILATORS; an Invention, which, I hope, will meet with 
due Encouragement; becaufe it. may preferve the Lives, and Healths, of 
a great many People, in a great number of Cafes, ates 
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AN 
ALPHABETICALINDEX 


SECOND 


I R, its Action upon Water in Fountains. 


Page 206 
—— its Nature, and fome of its general 
Properties. 115 


its Denfity proportionable to its Com- 
preffion. 


Cold. 119 
——any Portion of it in a Veffel atts as 
ftrongly by its Spring, as the whole Atmo- 
fphere by its Weight. 120 
——not denfeft near the Ground in Summer. 


142 
—the Quantity of its Preflure, and the Ef- 

feét of it upon a Man’s Body. 351 
‘——its horizontal Motion does not diminifh 

its perpendicular Preffure. 356, 357 
-—— Experiments on the Condenfation of it. 
. 391 
it mixes with the Blood in the Lungs. ae 
when comprefs’d, Animals can live in it, 


but die in ftagnant Air. 406, 407 
—— Queries concerning it, by the Author. 
407 #0 410 


——Complaint of the Author concerning it. 


5 
——an Engine to draw the foul out of Mme. 
I 
—Experiments to make it foul, and puri- 
fying itagain, try’d before the Royal Society. 
——Blowing Wheel for changing it in the 
Houle of Commons deferib’d. 564 
Mr. Whattky’s Letter, giving an Account 
of the Means uied to depreciate the Blowing- 
Wheel for changing the Air in the Ship the 
Kinfaleat Woolwich. 567 
Vou. HH. 


117 
expanded by Heat, and condenfed by. 


VOLUME. 


sa 


4ir, burn’d feveral Ways by the Author. 55% 

no vivifying Spirit in it. Page 553 
-——Malt to be dried with it. 560 
sits Particles do not touch one another. 340 
4Airy-Pump defcrib’d, and feveral Experiments 


made upon it. t 
Air-Vefel. hi ane : 
Archimedes's Propofition made general. 235 
Atmofphere, what. 116, 14% 
Attraéion only, infufficient to explain Elatticity. 

a 3 SS 
Atwell, Dr. Fo. his Account of reciprocating 
and intermitting Springs. 173, & feg. 
. B 
B Alance, Hydroftatical. 194 to 200 


Balls of Clay, how to make them fit for 
Experiments of the Congrefs of Bodies. 17 
their denting in confider’d. QI, 92 
Ball, its Refilition from a String. 3 
—-of Glafs broke within, the Surface re- 

maining entire. 6 
Barker, Dr. his Contrivance of a Mill for Sir 
George Savile. 453, 454 
Barometers, of various Sorts. 268 to 270 
one particularly nice, by the late Profeffor 
Cafwell of Oxford. 253 to 256 
the belt way of filling the. Tube of it, 
from Profeffor P. V. Mufchenbroek.272 to 275 
-—Dr. Halley’s Difcourfe upon the Reafons 
of the Rife and Fall of the-Mercury in it. 

/ 276 to 278 

——Mr. Fohu Patrick's Account concerning it. 

2 

——Monf. Leibnitx’s new Principle os i 
the Motion of its Mercury fhewn to be falfe. 


280 to 286 
——a portable one defcrib’d. 287. 
Dddd Barometer 
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- Barometer, 2 marine one defcrib’d.. Page.303.. 


Farenheit’s Mercurial one. 373 
Beighton, Mr. Henry's, Defcription of Hollana’s 
Engi ne at Wanjtead. 


London-Bridge. 437 10441 
-———his Defcription of an excellent over-{hot 
Corn-mill at Nuxeaton. 450 to 463 
his Defe:iption of Gerwves’s Engine fet up 
‘for Sir Fobn Chefler. 461 10 464, 
Belidor, Monfieur, his curious Cbfervation 
about Syphons, 147, 148 
—-—his further Calculation about the Ufe and 
Confideration of them in Pumps, 167, & feq. 
~——his Piftoris and Backets. [ Ber 
——Deicription of a Corn-mill from him, 
427 10 431 

——— Defcription of the Machine at Marly, 
tranilated from him by the Author, 422 ¢a 


r+ 
Bladders, a Chain of them not. fufficient to ex- 
plain mufeular Motion. B02; 
Boards, Float, how to fettle the Number of 
them in an under-fhot Wheel. 425, 426, 427 
Bodies, Congrefs of, not Matter of meer Cu- 
riofity. I 
~-—Refilition of elaftick, madeup of Strata. 4 
——-—none perfectly hard, but fott ones made 
ufe of to thew what Effects might be expected 
from hard Bodies. 9 
—direc Stroke of what. 
~——concerning thofe that have no Elaficity, 


lk 

~—to determine their Motion after a Stroke. 
12 

-——~ Congrefs of elaftick ones. 20, gl 

" oblique Congrefs of. Si, to Jee. 


———their Congrefs applied to Water-Wheels. 


35 

———~Congrels of them ftill confider’d. 43 0 48 
~-——Congrefs of them equally explain’d by the 
meafure of Forces, according to the new 
and the old Opinion. 62, 63, 64 
~-—-weigh differently according to the different 
State of the Air. aU 239 
Body, the Effect of the Preffure of the Air upon 
a Man’s. 351 
Bones afford fulminating Air. = 
Bridge, Wefminfler, new. Engine for driving 
Piles there, , 4.17 
—— Lowdsn-Bridge Water-Works, 437 to 441 
Brimftone, E®uavia, abforb Air. 37 
Brook, at Lambourn in Berkfeire, high in dry, 
and low in wet Weather. 151 
Bubbles, of Glafs, rifing and falling in Water, 
and changing their fpecifick Gravities, 206, 


207 
—~falminating of Wate: in them, 484 
Buckets, Meni, Belidor’s. 18k 


431 10.436 
———his Defcription of the Water-Works -at’ 


10 


Bulk, of the -Air,. is an inverfe Ratio of the- 
Weights that comprefs it. Page 259, 
Burton, Spanifo, a Pulley. 536. 


C 

Cf Meulation, Algebraick, for the Rife of Wa- 
ter in Pumps. 182 to 184, 
—Monf. Belidor’s, about the Ufe of the Con- 
fideration of Syphons in Pumps. 167, & feq. 
——about the Difference of Height of the Co-. 
Jumn of Mercury. 352 
—for finding the Center of Ofcillation.543 to 551 
Cafwell, Rev. Mr. Profeffor’s, Problem foly’d. 


238. 
——his excellent Barometer. 253 to Bs 6. 
Cagut String, ftretch’d to illuftrate Elafticity 
by its Vibrations. 2 
Caufe of Elatticity unknown. ~ pabrniey 
——Conjectures about it.. 33, 39, 40 


Caution about a Pipe rifing up into a Ciftern 
from.a Water-Engine. 


127 
~—about the Bafon in which Jets play.. 140 
Center of Preffure. 1135. 114, 
Chimneys {moaking: ~ 208: 
Clarke’s Hydrometer, - 233 
—his new Coggs. 529 
Clay- Bails, their denting confider’d. 91, 92 
-—-Experiments made with them. 17 
——how to make them fit for Experiments.. 18 


Clouds, the Formation of them. 306 to 316. 
Coach, an Obfervation about the Dew onthe . 


Glafs in the Infide of it, - 406. 
Cock-Gage.. 41 
Cold condenfes the Air. 11g; 


Comeftoun, Water brought from thence to E- 
dinburgh. ’ 126 
Comparifon of a Man’s Force to raifea dead: 
Weight, with his Force to raife Water. sos 
——of the Earl of Pembroke’s Water-Engine at: 
Wilton, with the Lord Tinley’s at Wanfead, 
both being made by Mr. Ho/land. 524 to 526: © 
—of London-Bridge Engine with the Machine 
of, Marly. 530, 531 
~——between the under-fhot Corn-mill deferib’d. 
by Monf. Belidor, and the over-fhot Corn. 
mill defcrib’d by Mr. Beighton. 531 to 532 


~Compreffion, Air’s Denfity proportionable to its. 


II 
——Air’s Bulk in an inverfe Ratio of it, a 
—of Air, by Experiments, 391 
Condenfation of Air. 391 
Condenfing Glafs, with a Gage for it, 396° 
Condué?, Pipes of. 134. 
——how to clear them of Air. 124: 


—— Water may be retarded by a too large, as 

well asa too fmall Pipe, -) ub 337 
—Pipe of, too fmall in Ho/land’s Engine. 423. 
Congre/s of Bodies. & 
hot meer Matter of Cuciofity. I 
 Congreji 
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Congre/s of perfectly hard, and perfectly foft Bo- 
dies, would produce the fame Effect: 9, Deg. 
of elattick Bodies. Page 20, 9 /ég. 


——oblique. 31, &F feg. 
—apply’d to Water-Wheels. 35 
—ftill confider’d. 43 2048 


——equally explain'd by the Meature of 
Forces, according to the new and old Opi- 
nion, 62,63; 64 

Coxtrivance, new, of Farenbeit’s Mercurial Ba- 
rometer, 


373 
—~of Dr. Barker's, for a Breaft-Mill. 453, 


454 


Gorn-Mill defcrib’d. 427 10.431 
Coftar’s Engine. 457 
Crown, Hierd’s and Archimedes’s Propofition 

about it. 190, 194 


ia 


D 

D E la Deuilles Engine defcrib’d. 501, 502 
Defcent of Rain confider’d by the Author, 
ae the Philofophical Tranfactions. 306 #0 
16 
-—— further confider’d in a Paper fent to Bou: 
deaux. 336 to 350 
the Caufe of it miftaken by pura and 
Raflius. g ta 365 
Digefter, Water fufceptible of great ese in ee 

36 
Direions, Fluids prefs in all manner of. 10} 
Difcourfe on the Barometer by Dr. Halley. 276 
fo 278 
of Mr. Zohn Patrick on the fame. 239 
Differtation, Part of Profeflor Maclaurin’s, with 
‘Notes to reconcile the two Opinions con- 
cerning the Force of Bodies. 65 to 67 
——of Mr. Labehe againk Stubner. 77 to 90 
——the Author’s, concerning Rife of Vapours, 
Formation of Clouds, and Defcent of Rain. 
306 to 316 

——concerning Electricity, by the Author. 
316 to 336 
a new one of the Caufe of the Rife of Va- 


pours, and Exhalations in the Air, by the 


Author. 336 10 350 
Diving, the Art of it. 201 ¢o 218 
—a Letter from Mr. Martin Triewa/d to the 

Author, concerning his Improvements of 


the fame. 218 
Dupuy’s Engine defcrib’d. 449, 500 
E 
FDinburgh, an Account of its Water-Pipes. 

126 
Elofiicity, its Caufe unknown. 2 
—an Attempt to folve it. 38 to 40 
-——Proof ofa Vacuum. 7, 8 


Elaftick String, firtt accelerated, and then re- 
tarded. 2 
—re-atts in Lines perpendicular to it, 3 


Elaftick Bodies made up of parallel Strata. Page 4 


——tingling Sound perceptible in thofe that are 
mott fo. 6 


——Congrefs of them. 


Engine, Pipe rifing into a Ciflern from one 
confider’d. 


r2 
feveral for diving. 21% to 218 
Vauloue’s for driving Piles Aly. 
Rev. Mr. Holland’s. 3 to 4.36 


at London-Bridge, def{erib’d by Mite tists 
Beigkton. 


44 
——at Marly in France, defcrib’d. by the at 


thor. 
442 to 449 
-at Nuz neaton, defcrib’d by Mr. Brighton. 


450 10454 
new, contriv’d by Dr. George Barker. 453, 


454 
Francin?’s, *6 make the moft. of wafte 


Water. 455,456 
——Mr. Coffar’s for the fame Purpofe, by 
leading the Water down into a Pit, 458. 


——a working Model ofa new one, to prove 
Mr. Parent's Propofition concerning a 
Maximum experimentally, and to. make a 
Mill without either Wheel or Lantern, 
by Dr. George Barker, and the Author. 459, 

460 

=—--made by George Gerves for Sir F ohn 
Cheffer, and defcrib’d by Mr. Beighton. 461 
to 464. 

to raife Water by Fire. 465 to Ago" 

—~to raife Water by the Help of Quick- 
filver. AQI, 497 

the Maximum for a Man to raile Water 

by one, is not above one Hogfhead in a Mi- 

nute ten Feet high with moderate working. 


8 

Loti Dupuy’s defcrib’d. 499; ae 
——Meff. Gofet and de la Deuille’s. deicrib’d. 
gol, 502 
the late Mr. Richard New/ham’s for put- 
ting out Fires, defcrib’d by Mr. de Ladelye. 
505 4a:319 
Expence of Water, as the fquare Root of the 
Height of the Water above the difcharging 
Holes. 112 
Experiment of Difcharge of Water thro’ a 


round Hole of an Inch. 132 
—— how to try the Strength of Pipes. 136. 
——how to try the Beauty of Jets. 138 
—of Solids in Fluids. 188 
— of the Hydroftatical Balance. 194 


on Glafs Bubbles, with Air and Water in 


them. 206, 207 
on the Motion of Glafs Images in Water. 
209, 210 

——the Torricellian made many ways. 252, 
253 

——of Mr. Cafwell’s Barometer. 253 10 256 


d 2 Experiment 
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Experiment, of the beft way of filling a Barometer 
Tube; from Profeflor P. V. Mufchenbroek. 
Page 272 to 275 

——of a Model of a Mill without Wheels, &c. 


459, 460 
———on a Chain of Bladders, &e. : 292 
-——of one Man’s Force. 505 


——of 7. Clarke's Coggs. 529 
——of the Blowing-Wheel for changing the 
Air in the Ship the Kizfale, made with Suc- 
cefs, but not once feen by any of the Lords 
of the Admiralty, or by the Perfon ap- 
pointed by them to examine it, who con- 


demn’dit. 567, 568 

F 
Fe Arenbeit's Barometer by boiling. 373 
Fire, no elementary. 365 to 370 
——Engine to raife Water by it. 465 ta 490 
— Water fulminating by it. 484 


—New/bam’s Engine for putting it out. 505 
10519 
—by what means the Fires made above the 
Houfe of Commons were fo manag’d, as to 
heat the Houfe of Commons inftead of cool- 
ing it. 560, 561 
Float-Boards, how to fettle the Number of 
them in an underfhot Wheel. 425, 426, 427 
Fluid defin’d. 96 
——all the Parts of it heavy. 97 
——all the real and imaginary Surfaces of it 
equally prefs’d in all their Parts. 98 
——it will have an horizontal Pofition. 122 
Fiuids prefs in all manner of Directions. 101 
——Solids compar’d with them. 102 
——itand at a Level in communicating Recepta- 
cles. 105 
-——how to eftimate the lofs of Weight of So- 
lids that fink in them. 135 40 188 
—- how to eitimate the Force with which Bo- 
dies fpecifically lighter emerge in them. 188 
—the Height of their Fall being given, to find 
| the horizontal Velocity produced by that 
Fall. 422 
-—their uniform Velocity being given, to find 
the Height of the Fall producing that Velo- 
city. 4 
Force, the Word taken jn different Senfes 
different Philofophers. 
-—-taken in the fame Senfe as 


23 
by 
49 t054 
Momentum, 
rom 54 to 64 
-—Part of Profeffoy Maclaurin’s Diflertation 
about it, with Notes, to reconcile the two 
Opinions. 65 10 76 
—Frederich Wilhelmus Stabner’s Paralogifms 
about it, confider’d by Mr. de Labelse. 77 to 


| a 

~—-the Congrefs of Bodies equally explain’d 
by the meafure of it, according to the new 
and old Opinion. 62, 63, 64 


Force, how toeftimate that with which Bodies 
lighter than Fluids emerge in them. Page 188 
—of the Expanfion of Water, by its Fulmi- 
nation in a Glafs Bubble. 484 
-——the greateft of one Man to raife Water. 
498, 503, 504 


—to raife a dead Weight. 505 


Forcers. 6 
—Monf. Belidor’s. a 
Formation of Clouds in the Author's firt Differ- 


tation, 06 to 316 
——in the Author’s fecond Dintreatidy a to 


rae. 
Fountains, Aion of Air upon Water in them. 


202 40 206 
France, the Machine of Marly there, defcrib’d,’ 
220 : 
Francini’s Joint-Pump. prick 
Fulminating Air from Bones. 137 
G 
G Age-Cock. 141 
Gla/s crack’d within, but not without. 
I, 
Models of Pumps inade of it, i a i 


—— Bubbles of it, changing their fpecifick 
Gravities. - 206, 207 
——Images of it, moving in Water. 209, 210 
Dew adhering to it, on the Infide of a 
Coach. 406 
Gravity, fome Miftakes about the manner of . 
its acting confider’d. 93 
——fpecifick, what. roo 
Bubbles changing their fpecifick. 206, 20 
Gun, L, Kolbe’s Magazine Wind- defcrib’d, 398 


to 402 


H 

HT Adley, Fobn, Inventor of the Contrivance 
at London-Bridge for raifing and letting 
down the Water-Wheel. 528 
Hales, Dr. his Vegetable Staticks praifed. 403 
——his firft Sea-Gage. 223 
his laft Sea-Gage defcrib’d. - 240 0: 247 
Halley, Dr. his Tables fthewing what. would 
be the Heights of the Mercury in the Tube, 
and the Denfity of the Air at different 
Heights from the Earth. 257 
his Difcourfe on the Barometer. 276 to 278 
Hajfkins, Mr. Fofoua, his Engine to raife 
Water by the Help of Quick-filver, de- 
ferib’d and improv’d by the Author, Ag 


Heat expands the Air. = py 

—of Water, much increas’d ina Digefter. 366 

Height of Jets, and what Height of Refervoirs 
will produce them. 

——another Table of all Hei;hts 
and 150 Feet. 


130 
between ¢ 
mt: 
Height 


“a 
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Height of the Fall of Water being given, to find 
its horizontal Velocity produc’d by that 
Fall. Page 422 

Holland, Rev. Mr. Inventor of an Engine for 
playing Jets without a Refervoir, 431 to 436 

——his Invention ftolen from him, and ere¢ted 
at Herenhaufen. $26) 627 

Horizontal Motion of Air does not diminifh its 
perpendicular Action. Le wey 

Hydrometer, Mr. Clarke's new. 233 

another, to try Waters to a 40,000th Part, 


by the Author. 234 
Hydroftatica’ Balance. 194 ¢0 200 
I 
Ack-head. 166 
Ifiuing Leg of a Syphon. 167 


K 
Koes Magazine Wind-Gun defcrib’d. 398 
to 402 


L 
ye Abelye, his Differtation concerning the Pa- 
£4 salogifms of Stubner about the new and 
old Opinion. 77 to go 
——his Draughts and Defcriptions of the late 
Mr. Richard Neaybam’s Engines for quench- 


ing Fires. 505 to 519 
Lambourn in Berkbire, a Brook there very re- 
markable. 151 


Leibnitx’s new Principle concerning the Baro- 
meter fhewn to be falfe. 280 to 286 
defended by Raj/fius, and the Defence re- 
ply’d to by the Author. 359 to 365 
Levels, a new Machine for taking them. 370 
, to 373 

Living under Water, the Art of it. 211 fo 218 
———lLetter from Mr. Martin Triewald to the 
Author concerning his Improvements of the 
fame. 218 
London-Bridge Water-Works invented by Had- 
dey, and iet up by Soracold. 528 
——compar’d with thofe of Marly. 530, 531 
Lungs, Blood mixes with Air in them. 405, 406 


M. 
M hive, new, for taking Levels. 373 
——~ Vauloue’s for driving Piles. = 417 
—— invented by Fobua Ha/fkins, to raife Wa- 
ter by Quick-filver. Agi to 497 
of Marly deferib’d. 442 t0A49 
~——a Model of one to prove Mr. Parent's 


Propofition. — 459, 400 
that at Herenbaufen of Mr. Hollana’s In- 
vention. ruby 527 


Maclaurin, Part of his Differtar#on concerning 
the Force of Bodies in motiom 65 fo 76 


Man, Weight of the Air prefling upon a mid- 
dle-fiz’d, how much in fair and foul Wea- 


ther. Page 255 
Marine Barometer defcrib’d. re) 


alter’d, but not improv’d, by Patrick 


fe) 
Martyne, Dr. George, his Effays mention’d. 46: 
Maximum, for an under-fhot Wheel. 
for a Man to raife Water. 
for a Horfe to raife Water. 536 
Meafure of the Force of Bodies in Motion 
taken in a different Senfe by different Philo- 
fophers. 49 to $4 
of the Height of Jets produc’d by a Re- 
fervoir of all Heights between 5 and 150. 
Feet. 131 
of the Expence of Water in one Minute 
from Refervoirs of different Heights through: 
an Adjutage of a quarter of an Inch Diameter. 


1 “ 

-—of the Diameter of the Pipes of Condu&d? 
and the different Adjutages according to the 
Height of the Refervoirs. 134 
=—explain’d equally according to the new and. 
the old Opinion. 62, 63, 64- 
—of Water running througha Hole. 139, 140 
-—of the Expence of Water through an Inch- 
{quare Hole, and through a Cut an Inch 
wide, and of different Depths. 129 
—of the Expence of Water through a round 


Hole of an Inch. 132. 
—-of the Expence of Water further confider’d. 
139, 140 

—of the Depth of the Sea, by Dr. Hales. 
240;. 247 

—of the Fall of Water from a given Velocity. 
22 


—of the Velocity of Water from a given Fall. 


423: 
Mechanique du Feu, tranflated from Moni. 
Gauger, and call’d Fires improv d, by the 


Author. 557 
Mill, Model of one without Wheels and Lan- 
terns. 459, 460 
——a Corn, defcrib’d from Monf. Belidor. 
417 ta 421 


——a Comparifon between the under-fhot by. 
Monf. Belidor, and the over-fhot defcrib’d 
by Mr. Beighion. 431, 432 

M/fakes about the manner of Gravity’s acting 


confider’d. 93 
Momentum, made ufe of to fignify Force. 54 #4 
v4 


Motion is to Velocity, what aftual Heat is to 
fenfible Heat. 296, 297 
horizontal of the Air, does not diminifh 
its perpendicular Preffure. 5505357 
——mufcular, illuftrated by a Chain of Blad- 
ders. 392 
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Niue of Air confider’d. Page 248 


: O 
QO Pinicns, new and old, concerning Bodies in 
motion reconcil’d. 62, 63, 64 
Obfervation about the Dew on the Glafs in 
the Infide of a Coach. 406 


Pp 

pl Vauloie’s new Engine for driving 
them. 417 
Pipes for Water, to clear them when Wind- 
bound. 123, 124 
an Account of thofe at Edinburgh. 126 
—-—Caution, about one rifing up into a Ciftern 
from a Water-Engine. 127 
—-—-of Conduct, a Table of their Diameters. 


134 

-—what Thicknefs to be given to them for 
Practice. 135 
——how to try their Strength. 136 


~=—-that Water may be retarded in pafling———ot the Air in a Man’s Body fupports the 


through thofe of too large, as well as thole 
of tco {mall a Bore. 137 
Pifton, Belidor’s. 181 
~——Mefl, Gofet and de la Deuille’s defcrib’d. 
SOL, 502 


lungers. 162 


Pond, at Green-hive in Kent, rifes when the. . 


Water in the YAames falls, and falls when 
the Water in the Thames rifes. 151 
———a Caution about one in which a Jet plays. 

, 140 
Preffure, of Fluids, in all manner of Direc- 


*tlons according to their Heights. 101 
—upon any Surface under Water. 113, 114 
— Center of, 113, 114 
—infiantaneous, the fame as Momentum. 62, 
63, 64 
e—of Air upon a Man’s Body. 255 
——of Sblids finking in Fluids. 185 to 188 


——of Columns of Mercury confider’d. alge- 
braically. 352 
——perpendicular, not diminifh’d by the bori- 
zontal Motion of the Air. 356, 357 
—— Animals bear a great one of Air. 406, 407 
Problems concerning determining the Center of 
Ofcillation. 543 to 551 
Pump, Air-, defcrib’d, and feveral Experiments 
made upon it. 375 to 390 
Pumps detcrib’d. 152 to 156 
—-—Models of Glafs ones, 16 
——Belidor’s Calculation about the Ufe of the 
Confideration of Syphons in relation to 


them. 167, & eq. 


Pumps, algebraical Calculation for the Rife of 
Water in them. Page 182 to 184 


BS go tee i concerning Air, by the Author. 407 
: ; to 410 
R 


R Eply to M. Raftius’s Anfwer to the Author, 
| in Defence ot Lezhzitz’s Principles. 359 ta 


6 
Repulfion, fettled as a firft Principle in Note 
36 


Refiftance of Fluids. 225 10 232 
Rife of Vapours, firft Differtation about it by 
the Author. 
———fecond Differtation about it. 336 to 350 
——of Water in Pumps, a Calculation of it. 
182 to 184 


S 

Pring of the Air, in any Veffel, aéts as 
itrongly as the Atmofphere does by its 
Weight. * 12@ 


Preffure of the external Air. a) Bae 
Springs, Dr. Fo. Atwell, his Account of thofe 
that reciprocate, and thofe that intermit. 173, 
&& feq. 
String, elaitick, produces no Sound, unleds it 
vibrates 12 2 times in a Second ; but it vi- 
brates 6400 times, to give the fharpeft Tone, 
or higheit Note. _ 43 
Stubner, confuted by Mr, de Labelye. a 
Surfaces, real and imaginary of a Fluid, are 
equally prefs’d in all their Parts. 98 
—the upper of a Fluid will have an hori- 
zontal Pofition. 127 
Syphon explain’d. 144, 145 
—-—a new and curious Obfervation of Monf, 
Belidor’s about it. 147, 148 
——applied to Pumps. 167, & /eg. 
—-—driving and iffuing Leg of one, what. 167 


ry 


Able of the Expence of Water through an 
Inch fquare Hole, and through a Cut an 
Inch wide, and of different Depths. 129 
Two Tables from Dr. Halley, thewing 
what would be the Heights of the Mercury 
in the Tube, and the Denfity of the Air at 
different Heights of the Earth. 25m 
to fettle the Number of Float Boards in an 
under-fhot Wheel. 425, 426, 427 
——of the different Heights of Jets, and what 
Height of Refervoirs will produce them. 130 
Tantalus’s Cup. 149 
Torricellian Experiment, many ways of making 
it. 252, 253 
Vv 
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Vv 
VY Auboue’s new Engine for driving Piles. 417 
Valves. | Page 158 
Venus, a Differtation concerning that Planet, 
or a Defcription of a terreftrial Globe for it, 
according to Bianchini’s Difcoveries. 552 to 
te 


Veffels, communicating, Water ftands at a re 
velin them. 105 
—— Air in them ads as flrongly by its Spring 
to keep out the Atmofphere, as the At- 
mofphere endeavours to pufh in by its 
Weight. 120 
Vibrations, how many requir’d to produce 
Sound ; and how many for the fharpeit Tone, 
or higheft Note. 43 


Ater, Expence of it is as the {quare Roots 
of the Heights above the {pouting Holes. 
112 

how to find its Preffure upon any Surface 
under Water. 113, I14 
——it is incompreffible, 122 
Rules for Water-Works. 123 
——brought in Pipes from Comeffoun to Edin- 
burgh. | 126 
——the Expence of it through an Inch {quare 
' Hole, *€’c. 129 
—~the Expence of it through a round Hole 
of an Inch, €9c. 132 
-——the Expence of it in one Minute from Re- 
fervoirs of different Heights through an Ad- 
jetage of a quarter of an Inch Diameter. 133 
——it may be retarded in paffing through too 
large, as well as too {mall a Bore. 137 
-——falls in a Pond at Greenbive in Kent, when 
the Water rifes-in the F4ames juft by ; and 
rifes in the fame Pond when the Water falls 

in the Thames. I5t 


Water, turns a Mill in Lambourn in Berkfire in 
dry Weather, in a Brook which is almoft 


dry in wet Weather. Page 151 
~——a great Ship may be fupported by a {mall 
Quantity of it. 199 
—— Aion of Air upon it in Fountains. 200 ¢o 
206 

——Motion of Glafs Bubbles, and Images in 
Tet 206 to 209 


——the Art of living under it. 211 f0218 
——a very nice Hydrometer to diftinguith its 
fpecifick Gravity. 234 
——how to meafure the Quantity of it given 
by Rivers. 418 to 421 
——to find its Velocity by the Height of its 
Fall given. 422 
——to find the Height of its Fall by its Velo- 
city given. 423 
———Propofal for employing a Fall of it down 


into a Pit toadvantage. 458 
——a Defcription of the Engine to raife it by 
Fire. 465 to490 


—-—an Experiment to fhew the Force of its 
Expanfion by its Fermentation in a Glafs 
Bubble. 484 

——a Pond moft eafily emptied of it, by 
Scoops. 596 

Fo. Hafkins, his Engine to raife it by 

Quickfilver, defcribed and improv’d by the 

Author. 491 to 497 

a Man with moderate working with the 

beft Engine cannot raife one Hogfhead of it 

in a Minute above ten Feet high. 498 

a Contrivance to raife the moft of it by 

the Force of one Man, whofe Weight caufes 

it to afcend, fhewnina Model. 503, 504 

the Comparifon of a Man’s Force to raife 

a dead Weight, with his Force to raife it. 


585 
~-—— Newyham’s Engine to raife it defcrib’d by. 
Mr. de Labelye.. 
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BOOKS printed for W. Invs, T. LONGMAN, and M. Srnex, : 


New Mathematical Diftionary : Wherein is contain’d, not only the Explanation of the bare 

Terms, but likewife an Hiftory of the Rife, Progrefs, State, Properties, c. of Things, 

both in Pure Mathematics and Natural Philofophy, fo far as thefe laft come under a Mathematical 
Confideration. ‘The Second Edition, with large Additions. By £. Stone, F.R.S. 


An Analytick Treatife of Conic Sections, and their Ufe, for refolving of Equations in deter- 


minate and indeterminate Problems, being the pofthumous Work of the Marquis de /’Ho/pital, 


ato.t 723. 
An Effay on Perfpective. By W. 7. ’sGravefande, Sc. 8vo. 


An Introdu@tion to Natural Philofophy ; or Philofophical Lectures read in the Univerfity of 
Oxford, A.D. 1700.. To which are added, The Demonftrations of Mon/icur Huygens’s 'Theo- 
rems, concerning the Centrifugal Force and Circular Motion. By 7. Keil/, M. D. Savilian 
Profeffor of Aftronomy, F. R.S. 8vo. The Second Edition. 


Univerfal Arithmetick ; or, a Treatife of Arithmetical. Compofition and Refolution: To 
which is added Dr. Ha//ey’s Method of finding the Roots of Equations arithmetically. Tranflated 
_ from the Latin by the late Mr. Raph/ox, and revifed and corrected by Mr. Cun, 8vo. 


The Philofophical Works of the Honourable Robert Boyle, Efq; abridged, methodized, and 


difpofed under the feveral Heads of Phyfics, Statics, Pneumatics, Natural Hiftory, Chemiftry 
and Medicine. The whole illuftrated with Notes, containing the Improvements made in the* 
feveral Parts of Natural and Experimental Knowledge fince his Time, in three Vols. By Perer 
Shaw, M.D. 4to. The Second Edition. 25 5 tee 


A new Syftem of Arithmetick, Theorical and Praétical ; Wherein the Science of Numbers is 
demonftrated in a regular Courfe, from its Firft Principles, through all the Parts and Branches 
thereof; either known to the Ancients, or owing to the Improvements of the Moderns. The 
Praétice and Application to the Affairs of Lifeand Commerce being alfo fully Explained; fo as 
to make the Whole a Compleat Syftem of Theory, for the Purpofes of Men of Science, and of 
Pra@tice, for Men of Bufinefs. By Alexander Malcola, A.M. Teacher of the Mathematicks at 
Aberdeen. te an ot alii ieee 


A new Method of Chemiftry; including the Hiftory,; Theory and. Practice, .of. the Art: 
Tranflated from the Original Lasin of Dr. Boerhaave’s Elementa Chemie, as:publifh’d by himfelf, 
To which are added, Notes; andan Appendix, fhewing the Neceflity and Utility of enlarging 
the Bounds of Chemiftry.. With Sculptures. By Peter Shaw, M.D. The Second Edition. — 


Cyclopedia: or, An Univerfal Diftionary of Arts and Sciences; Containing an Explication 
of the Terms, and an Account of the Things fignified thereby, in the feveral Arts, ‘both Liberal 
and Mechanical ; and the feveral Sciences Human and Divine. The Figures, Kinds, Properties, 
Produtions, Preparations, and Ufes of Things Natural and Artificial : The Rife, Progrefs, and 
State of Things Ecclefiaftical, Civil, Military, and Commercial: With the feveral Syftems, 
Sets, Opinions, 7c. among Philofophers, Divines, Mathematicians, Phyficians, Antiqua- 
ries, Critics, Jc. The whole intended as a Courfe of ancientand modern Learning. Extra¢ted 
from, the beft Authors; Dictionaries, Journals, Memoirs, Tranfa@tions, Ephemerides, &c. in 
feveral Languages. By E. Chambers, Fr R.§. The Fourth Edition, in 2 Vols. Folio. 


The Religious Philofopher; or the right Ufe of contemplating the Works of the Creator. 
ff, In the wonderful Structure of animal Bodies, and in particular Man. 24/y, In the no lefs 
wonderful and wife Formation of the Elements, their various Effects upon animal and vegetable 
Bodies. And, 3¢/y, Inthe moft amazing Structure of the Heavens, with all its. Furniture. 
Defigned for the Conviction of Atheifts and Infidels. By that learned Mathematician, Dr. Nieu- 
awentyt. ‘To which is prefixeda Letter tothe Tranflator, by the Reverend 7. 7. De/aguliers, 
LL. D. F.R.S. The Fourth Edition, adorned with Cuts, 3 Vols. 8vo. 
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